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(57) 

^ ocrs^ffi*j<fc dilate w-r cowwi, JBiajt: 
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mS&iftSfwT w*fflv>-c\ k • *--***j&»&jft**»*fl^ffl-*"#ife"c 

c£) O "C 

lag**, ^|B^*iWtfD«»S«>«flBTWt*»t*tt1l^JSCTa4R-f4, 

. hmej&i 1 2 2*3-* 

1 * fcJ* 2 SB«^^TtfeKi.4iv>T. -mum 1 iHfefltMU f > K - * * *l 

t J= **^ r J 

ilia* *i-p*to ^^^itria 7WrtK*»t* k i& iKLfc^ ti*ti<om 1 
[m^m 9 ] 



(3) 
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J U * 55t nE O # IS] K J§ ^ 1" & "C * o T , 

ft^jKiov^ tm t £ hu f E3fS 1 MM tz if mm Z « . ^r'^h 
1 2 ] 

Hie , 
im*M l 3] 
[»5jt£ 14] 

SI#2Sl l^v>Ll 3 co^-f tifr 1 ^^|Ei;<5C^'^'C-*oT. It:, 
mJ|E4>& <H1 o<^-9-9 9 > K -W> K • ^-r * LT> ^UliSEftSPRIUt 

2 ilSfrlfc **:r y^fibor, HiIfE^ 2jS5£fit^> HtfET W:a»fcWflfc#* T 

^miE^^^^^^^co^^femsg^tit&CTil^-r^^-r y ^fc^^ 
#tH#^fcfjKl?BLT, TfflfE4?& < <> 1 oc?5+r7 7 ^ K • > K • 

3fffE4>£ <Hl o<7)-y-7 >> > K • K • JV£^1"lifffE'fi mi IE 

•e^Lf^ai^^M^ «t tfflirSE^* < t i> 1 oc7)-9- 7 9 > K • -fr * ^ K • f- T * JWco 

im*m 1 5 ] 

Sf*J£l liStvai 4 coi^t" *Ltf> 1 31 KfB^ Affile is v>T> iisif^istsii:, 

«rffi+**- * ju&mt&^K mum 2 > 

1 6] 
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1 9 ] 

IE^£< t <> 1 0(0-9-7^ > K • K • ft*^«*IOJ:^ ^S®T*St^ii1- 

2 0 ] 

tfrfB^^ < t i> i k • y • ^• j r^^*a-r#rlE'(g-f-<o#^^, gris 

BlrIE4 I ^:^--Y^^^St-fllrfE##^#^S?$r, llirfET W ^fcJ§3X#£ -COlitrfE?- -v * 
cO^^<7)^?jliJf£*6SESIHjSDT^L^H2 mmmzliMM2-£2> «t ? nam stilus 2- 

m*i%2 OfE«*>£iEKisi/>-C\ mrfE^ 1 SS£# IC, fiME 

iE#-§-o#ffi$8*s t&ia* ft^ft^se&sf oilier w K*m*4tiiKj£DTaHRLfc* 

2 2 ] 

^*^2 0i/c(±2 1 fEic<9£gffiKi3l,>T, ffitm 2 fflfe^fto*, IK, im<i<) 

[Bt#£ 2 3 ] 
°[M*«2 4] 

K - ■> > K • -7- -v * ^£<Hx.Ti3 19 , fltrffi^ 1 #"f 9 «> V K • V K • 
[811**2 5] 

fif*#2 Q^^L2 4 1E*m>T *L^1 HHIEit<7>^m^i3V»T, flfflE^ 2 
[St£« 2 6 ] 
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ie^2ii5fi^is^\ i^D^3ift#i§:-c&£, sit. 

[St#3l2 7] 

im*m 2 8 ] 

3 0 ] 
[ft 3^ 3 2 ] 

f£JISi-*OHS-^*i^|i8H^Lv^«-S:^ri-* J: 9 K, MfE fcT 7** ®M , # 
[St^fcfi 3 3 ] 

fcH;& 7 U-f . 

[sr*« 3 4 ] 

K^JM3 3IB«wSfit^v»T, UriEHlS^JrcifaK^Sli, ffirffi^tLW^SlftSoffir 

So 

3 5 1 

k , mie r v -f t> »iRf * -e<7) ^ r*- * )w ^m.^ m &mm&t u $ e t *t# $ at & 
[at** 3 6 ] 
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immm 3 7 ] 

[fit** 3 8] 
& o "£\ 

[»*?H 3 9 ] 
[ft** 4 0] 

at** 3 8 4fcii3 9 Kum^m-^r, mum^zyj > v^m^nt. «riB*-*i<e 

[It** 4 ] ] 

sS^3®3 8^^L4 0 co^-f tifr 1 ^HfEl^eo^&KiS^T, ittrfEffl^& ^ -r > K^BIft 
[»*«4 2] 

[si** 4 4 ] 
[Bf«4 5] 



(7) 



JP 2004-531125 A 2004.10.7 



im*m 4 6 j 

ft* if- A^^utetT*.* > K*B8&£SJ?-*-*J: 9 

[f»*3l4 7] 
[»*«4 8] 

(m^Ji 5 0 ] 

AME7W 

im^m 5 1 ] 

3E7 WO#2SIS5&-*, !»!BteH*rt0-fctt;8v»*v>, 2f£ 0 
[»*E5 2] 

[ft*E 5 3 ] 

imt^M 5 5 ] 

[»*#5 6] 

ft#Jl5 4 4fcli5 5fcfEltoi61Ifc#v>T, mm 1 E*l*l<a thrifts IdU ffirffl7V' 
[Bt*3K 5 7 ] 

St*JH5 4fcv>L5 6<ot>1*fta> l£fcffl«*)gitK*3V>-C, flfflE^ 1 EJ^f*K7)£B^)^ 
Hfi. MET X *) fe/hS^, gfo 

[fif#^5 8] 
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5 9 ] 

im-%m 6 o ] 

<H2 : 1 T Wo 

[SI&JS 6 2] 

ft*lg6 lIE*07l"fi:i5^T, mflBTX^^ hJtJ&^fc < t 4 3 : IT?* 4, 7W 
[M^^6 3] 

fil^6 0&v>L6 2 co^-ftL^ 1 #KfB«<0 7 W U*JV>T, HtTf B@H^U lc iot, +>" •> 

6 4] 

frhrfc*), mfzmth-r&xTy 

is <£ 0 { Hirie'?- ft? ft.cn y * - fj x &W. CtlJ? L £ *i-?-'*icOjI5£* /i &t 3S3£ S -£ T 
[St#« 6 5 ] 

6 6 j 

W*3S6 4 SfcliS»*#6 5femco2f&Tr*oT > II:, 
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im&M 6 8 J 

ltnE£|HmW^^*LT#fiT&m#^&^<7)7 W 

o 

[f»5)t^ 7 0] 

I»*fl7 2] 
7 3 ] 

[H#^7 4] 

•f<>> h*&¥Z.Km&-r2>frikfcT2>l3f£X$>vX, 
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im*m. 75] 

m^m7 3 1 tea 7 4 Ktm<vjjm~&^r, kt^&u mm**7i±, m 

7 7] 

Zffitx^zmw* 

[1117 8] 

m^m7 7iB«c7)^at*i3^T, strie*^ 9£mrfBTw iz^mftz, ^w 0 
m*m 7 9 ] 

[»*«8 0] 
[0 0 0 1 ] 

#31^ li> Sffi] oTh^ T > v~-f- (steerable acoustic antennae : T.y^Ty T 
y-r-f) UML* #^t-V -y^^m^^|o]pT^#T>x-Mcp^-r^, 0 

[ft«i] 
[0002] 

mxtemmx$>2>o ztihu. &*)%\htixit^%^tf, &H%MMx, m (wm) ^ 

[0 0 0 3 ] 

W0 9 6/3 1 0 8 6li, —Tcft^lt (unary coded) £-^£fflV>Tffi>bg£&g<Z>7 W 

[TOSr^1-^7ti6^^|£] 
[0 0 0 4 ] 

■v * & #IrJ K |SJ It & t £ fcjg Cl>9 # £ MSfcJR <3 latr o ^^BSJR^ 4 "C 

l^m^ttr n & <d *<n i x. T L i 0 BT^14*«* & c 
[0 0 0 5 ] 
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7k. 

[0 0 0 6] 

^W^^TVA k, 

tfria r u 4 #> h tx-^mmi-v * *> <r>mm.<o^m&.to9£m k m dt> # f - r * * © 

[0 0 0 7 ] 
[0 0 0 8 ] 

£ f £ M JB r. JR 19 0 tf o #r 3 <75 ^ * * ft •? til -T it tb K -f- -v * ;v U 1 1 * <r> m 5£ * ^ x_ & jfc S 
[0 0 0 9 ] 

kfrh&Zo 
[0010] 

*l!ft«**^?*t-6 J: 0 Kff$£ LTte^M^ffi/i^ tf T-'^fS^-^jl® 3 ■£* <£ ? fc« 
[0 0 1 1 ] 

Ifc^T, #l&ijl3 SSttWU V - J ?-**fi'i>*jEL^t*MK (BP 
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[0012] 

*&W<D%i3<DmUli, W> K • ^-v*ju**#I** b Pi® i>m% Ltztf 
[0013] 

£<7>£*!>^ $^iOi3 ^)^a-efi, WxtiWSk^<T>7 ^ 4 ^fflv^Ts > K • 

[0014] 

m-f&V <i y Y*^^Wt.b*ffi?LX^2> 0 
[0015] 

Ui ! ot, £<7>Sg;Hft-CWU *4J"7 -r > K IW -9- f > K • f-^ *;w;;afflT 

[0016] 

[0017] 

<7) « 4 <d mm k x ti ti\ m±j ^rnncT) r 1/ * m ^ x * ft *j w-r ^tt*«att ? 

mfl£^l§l5^J: I? S ^liiffaT W ?)^ 2 gB5Hc&-£iB#^&S?£ffl v^T, flirffifl&JSIfe 
[0018] 

[0019] 

[0 0 2 0 ] 

«rtfcl»-*-*o 
[0 0 2 1 ] 
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[0 0 2 2] 

[0 0 2 3 ] 
[0 0 2 4 ] 

ttr^f tza&X<D&m&UK&^^ffl^'$i*&te2&Z> (focussed) Xfy^i, 
^^^Itie-etL-^^co^^-^^ffitt (focus position) fcJSCTjMR Ltz-Zrti-FtKVm 

[0 0 2 5 ] 

F*]<7)H^&^n^'tL<7)fEm^^^ai-rs £ 9 mufc-sasiia^ttsfu g^at*. 

mtS^m^LW^hm.flX^LWt^ (distal) HJ^^(D7Mi, 

iSi£^ ^#T, TtufEf- A* * ^ ^ t^^KHL T mflB 7 * - * * ffiffi £ |r0 it 

[0 0 2 6] 

j£ C T , 3fe i/ » - A t I A j£ ^ if - A * Sf£ & £ fc # "T ife t % & 0 
[0 0 2 7] 
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[0 0 2 8 ] 

[0 0 2 9 ] 

2> JX T y -f t > 

jgij-f 2> 7. t- y -f h o 
[0 0 3 0 ] 

mnat}m.^u<oTu^ ioxz^mm^r^ ■ * * yzmwLx, murvj try 
v&mtti-r%><ot mc^^mu^-r^r ■ y<vwM*fawz> (point) xik-tz^ 

[0 0 3 1 ] 
[ 0 0 3 2 ] 

H (sonic electroacoustic transducers: SET) £-0lt/L. 4^ #*A;£>€#£r@eff 
7M • TyTi- • 7i-X K • 7W • 7>"r:K ifcliDPAA) 

[ 0 0 3 3 ] 

SETfi, ZcM! t-7> t-S2ul£ J: <9 & % ^FTS $ 7*c ti ffl ® (gffi) (a plane or c 
urved surface (a Surface)) |*1 HBB?UT-& $ IA> 0 L^L&# 5 _£>> £*l*>ldU 2 

(Surface) flU^T. Tl/'f *ilftt4SETIi, Sfc^WRg-eBBS *LT^& 

SET*>i^*«Fli£«x.fc^«£\ 7 W***? **fctttMfcwr Wo»8n 
BP*,. H^octfct:: t K «fc »? , 7^-*-ir ^«K:*1-4BiS«*trd d 

*>Jfc-£\ S ET^ < t l owiijpg® (Surface) < t l oo^ijco £c7) 

Jro^Sffi (Surface) <»1&h \z.%^ U iifr&<a 4 ti#^<07 W S E T 

[0 0 3 4 ] 

SETIi, L< > R-fibJut7l ! Ii&5T^i. Zlihli, 40tfS 

, ^Ws BP^ *-TJ * . 7sX~%> *) , S:<b< «ffi;V^ffl!j-e2 0Hz (f fcti, £ *l 
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«l^#*a^SET*fflv>i:l:m4. £«>J:?K, #|^4SET?-» 
t :ftML, fc-&SET (CSET) WtauH s fl, ^|^«S ETfflWf 

C S ETikto<9<7)^HTI±, Sdi (ii^!)-Ct±2'|®) <7>IPItS£ife3&S:l*liKU 

£j^ N iofitliC SETMi LXV&fc. EP*>> CSET*«tt4ffl^SET 

mm ^Surflce) fl-Cli, SETifcliCSET <&fc, 2ot#i:S ET^tiit 
1-4) ^WPg, BP*,, 7W^«W 7? ft fctfK** 

iJm±ftl^\ #SETIi> MWtM (SfcliSMt) nit^-ClS^fift: 
[0 0 3 8 ] 

tf^, ^^^^SJcltH (pistonic acoustic radiator) t LXftih ^t"CV>4^Pt (^J& 
WSETOtT^ h>-»»S^W«l (Wxtf, RISET^ti^^^ 

[0 0 3 9 ] 

TU-f i>¥Ml-*3't4 SETcofriaf fcfi#TW 7W <*>ffiifett'<* 

<W4it**auftfiI«»^Ki3ititl«SciPii:< e>v^ 

totf&jfLZiib&WKttLX&fWljfilT, ^<Hc, / 3 0 0 1 . 1 *~ ( 
c. (±^^-C*4) fc-f**:J:v» 0 

[0040] _ 

tHa*ny*» 4^i:f-f/M' (PCM) fl-frifcttT-fn^M^ 
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c:ij&«*»r mlSo sttfcai^fittt, ^-^->3 ><7)ai*w-<^A±j^^ft^tT,a^ii 

[0 0 4 1 ] 

iSV^xm^tl*. ^^HMKl^-V^^^s f^>7VTtnOT (DAC) to 
[0 0 4 2 ] 

DPAAIi, loWi^f-fy^iVAMf (A*) Sr^f&o 1 o J: *) & # ^At^^P 
GXlDfe^fc+n S E TKi#mi-&^J££I£tf&# : g>6 3 &&o 

[0 0 4 3 ] 

£*Ui, AU^^, 1 oJ^lJLc7)A7t?#-^#K2?£^b-CS ET 

ESIrtV S ET<D&* KttLXWm<7>&t)*lf-fZ> (fit, JilTT^ni^:, d ti 

*rf%\m<r>&t>*sET<D&AK<m&-r2> (fit, #»-frKi*^T, -f-n^ai±;-r&« 

i^tfOl^, ^<7)^BBty^^^T<7)SET^^-r«>^> *5-E»^fe^-f*L© 
[0 0 4 4 ] 

A*SB-7-ti, DPAA^ftitStf > K4*:»i*Sk«!)-*J-^> KS-^t 1 o^lof^y 
D//f^y7;^iS (ADC) £-&tr C: ib # ^ ^ffil7tn y**A;fr 

SeO (^LTS«)4) U^hFSi ^ft?.o Lt^oT, D P A AF*l£Bt-i3 

[0 0 4 5 ] 

#3Pj??>D P A Ali. 55'@S§?^ia<^&A/'C-i3 ij , d*i#A;tJl§-5§-£^iE Lfctttc, #S E 

t; » t tz\tV y Y J-T (piece of software) , 1 ooA^J* i Xf£$k<Oi& 

jj&^-r&o DPAA«AM^l^li« -e<7DAA»-tt*&$^*o CtUi, SETfti: 
1 ocotB±J^4fi-^C t < x *&v->{±> 1 ootB±»^#^<7)S ET^TttiC S E 
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t?zbtf-?z&o znh<n®jE\t. %.-<vmm^& (sdm) > mmmw^& (a cm) 

, &£ZF5im%ir<{ • y -< )Uf (ADF) K<fcoT?T 9 b X <, C fi h \±%: ft^'ft 

^rart^^ges^tiTv^o adfj±, y ^ ^^mw^mw^miR^x^x, 

\zmU*^£&£i^mi8.Blf&X-$>Z>Zb*miLX&<o Ml:, £tf>jE5£MU JS&&<f£ 
StttniH'T'^ A*#-f-OH4Sffl»[Sfc«:ll4*«/i»ta®$** «K ? K "fit If 

DFiSctO* SDMI: j: cT^-x. t> ft *J^<a L«tSIttn 0 

[0 0 4 6 ] 

m-%mn.^Wi <sdm> hu t$&r<t >>*;w§-f-p#Mii5£^ w y hx*$>& 0 ztihu. 

T fc<3M-CiK£*HSff1-*#f!tJ& s *& t «t < > A*/SET<&»*#fc*4Sfc»MHfclMB 
[0 0 4 7 ] 

[0 0 4 8] 

S(HtlJffl#^ (ACM) \t, — ISt'-ABt^^iE (gross beam shape modification) o 
3IEM (alternator) t^tU*, tfcl^#^-^^: § $ i li^>tS i t & 

T l/^f OUBftiSfc** S E T<*> itl(b/6 ? T W <7)^- -7 aESJKfclfc 
[0 0 4 9 ] 

€#^^iE1-^>SiJ^^ffiT{±, fflv>MiSfr>7^-7^? (ADF) 14, il 

£*51U &m%$t»Z®Wr%>* 0 KLT&i^o £<0#8retiU D P A ABcIt^*- 
VOftimp*, ^afelfc^MKi: LTfir-) i t ^BTfife * «J , »4*JB*3fc : iiyi*fc*5V*Tffll'fi 
DPAAStSt^^->WflliJ»«:ilffiSi--&Cfc**Brfiet4* (Cl*t(4, DPAAifkltE 

, ^rffl-C**) o Mb Lt, I6fflji*0flx.»ir 2m<7)DP AAtli, y Ft7 

(Jt |nlte<7) fi> 1 5 0 H z ^itigfflT** <9 , AK<7)^-Cli, C <T> X 9 ^&JSMSJc<^ 

+(-•7 v K<?5jti«*H4*JWI8fi-2>w*«jglLv^-e, cloJ: ?4^Jli6Ifc-eJi, rtf-Aj§ffi]j 



(18) 



JP 2004-531125 A 2004.10.7 



[0 0 5 0 ] 
[0 0 5 1 ] 

1 19 <b £n 3 *L**£\ BP*>, 1 I im<VXt>&$>Z 

4rtt, 1 tf*<bN* -C##S*L*:m@<DS ET*«*4»fr, ffiBOKpSSlJJ'fefcHMB 
<75jI3£. MflEftfiJfPfc «fc V s /* tz\*74 frf^&D , „ (iit, 1 4@(7) A* t NiS 

i7)SET^^tOMT\ 1 = 1 — 1. n=l~N"C**) £#Jffi#-&-fo-£$fc:3£»** £ 

o, HS^il® Lfc> BP*,, 7-f JU^SLfc-r S>*/MM-* , * , K SETMEpjbDStL 
2>mKffi.fr&te-&2>o -£fo&)K. Nt^M^SDM, ACM^ilf/ifcllADF*^ 

€-^£lB]»l3-£*rt:«?>fcHU 74 S J9 '*)rV-fVV9 - V- Ym&ll (D S RC) 
[0 0 5 2 ] 

DPAAv'^f Ali> zb&ggttfcPR-CT Qg&«)fcli% DPAAW«Ii!lE*rt©fC^ 
7-f ^.xMK J: o-C) , D P AA^^^M^T-C^ljj^^^&iSPg^P^ ( 

1) fix^) A*) ^^EiSCilctS^b^M, r^-v^^J tVf-JK 

2) #-7-^ ^1^1^1*5 J: O 5 / tfc iJlf - A ft^flJi 

3) *)UKtt-f&ffiA<?> ^ Mis s<)l/ 1£ fem <7)MWs 

[0 0 5 3 ] 

£ £ > 

«t o« i *t <b <7>*ig'fb^ jk* n^-r £ ^ a t > 

(DDG^tS) jlMJsiU 5 (ADFtttS) 7^^iM*1&iL, IfO'tBt" 
[0 0 5 4 ] 

[l&^*^ife1-&/s:«!)<^*S.<75B^] 
[0 0 5 5 ] 

ut i- & uw.& <t ^'s® it . -Mfltj t 7 n ^ m * m v>T K Tilt W L , 



(19) 
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-§-7-a-fe-y9- (DSP) * fcl±iHfflv-f *n:/n-fcy-9-£fflv>T, If-^S* r ? 7*<OV» 
[0 0 5 8 ] 

Hl«)7D^Bii, WiDPAA^to A£H-s§- (10 1) Ji^ESf (10 2) K 
#*&S*U (Btli6o) otB***s *^->a>«>Jtl«» (10 3) £^ 

LT^SET (10 4) USMfrT*. aiDSETfi, ftlM^-^TH' (10 5) 

BLR,*? -yZQi&L-r&o WTf^TtS^ ^£Wi/t:li^i:, i&*D<oftyg^7-y 

[0059] x . . 

0 2li, 2o^ff ( 5 0 1 . 5 0 2 ) is «fc ^ 3 o<7>#@B^ ( 5 0 3 - 5 0 5 ) £^ 
nDPAA^to frS2g£5 0 3 5 0 1 **k3U -^5 0 4 ^^^5 0 5^ 

i*A*^5 0 2 *ftIt4. #SETfc*aTfc#53"KSd*fc*>fH#«U (5 0 6 

) laotftf?^ Wl 03^LTSET104 Kg-f*o 

H3lif#E»«> h^^-To itUi> A^EIB&^k (1 

0 1) fc> i&SETifcliS ETffi: 1 o-f o<7)#tSc<7>m^J ( 8 0 2) irSr^-TSo X* 
j&^ffi^O^-^f-^OigKtli, SDM (8 0 3) jfeitf/SfcttADF (8 0 4 ) feJ: 
OVifcfiACM ( 8 0 5 ) *«***l*o ###iH8&t*sv>Ttr^it4^iEA < l^fl6T?**t 
»±\ fl#*5MW"r*1fflK.#«S>SDM, ADFSiy/^cliACM (8 0 6 - 8 0 8) 

@4 «tf ^rfie«:**Jti«»fi?fli*«:*-ro ss:e><tt0«»s*:fiin* 

%kfrh<F>Xj3T<i v^Hf (10 0 1) ti\ D AC ( 1 0 0 2) , £ «fc O*:* 3 ><T> 
mm/^WMXt) ( 1 0 0 4 ) «rfltiL3t*»m**(B» ( 1 0 0 3) £M«o 
Mt, SETJfcliSETP ( 1 0 0 5) fcgfcft&o 2off)SET7-f-K (SET feeds 
) \zwxmm\stzWi%<DWM*m&.-Z&^ Xti ( 1 0 0 6 ) lit/y3>©^tl 
^JfPA^J (global volime control input) ( 1 0 0 8 ) T&tfmLtz t' -i v ? JWitt fe^y (1 
0 0 7 ) HS^ii^^^o ^Lfifl9«W*A*»i, ffi*«tt@KHjfr*WiRfcLT4>« 
ffitii t*«-c*««-c**o iiffi^^^f^ $>*jm9M»<&tfiafctt, SET (10 
0 5) rtn^o- • A* • 7 4 ( 1 0 0 9 ) Srifi-r t SiRJS: 

& & & o 

[0 0 6 2 ] 

115 (is 3 o^)D P A A (14 0 1) ?)ffiiK«tvt, A# ( 1 4 0 2) \ 
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A#ls]S& ( 1 4 0 3 ) £ Jra'fiJ^Pv'^^A (1 4 04) 14, 3oi7)PDAA^Ti:<toT 
£ft£o A£tslS&£J:aWP:>*xAf4, S!HSKJK#1-££ t fc. DPAA^loC 

A£|W]-i L, 7V-^DPAArtW5Lfii^*$:^>7^7^ ^ t Z t fcW&g-C 
[0 0 6 3] 

@ 6 is «fc tfE 7 A fcv>LI2 7 DO^Ii ti, H 1 Ki^i"— «tfi«J'arfltj&*^ri"4 o H6fi> £f 
2 Uv^BBSI (10 2) £®fcfMfflfc^-r« 
[0 0 6 4 1 

H6i^b^4 «t -5 tc. (10 1) tis Xti^al- (15 14) ic J: oT, «J 7°') 

* (1504) nsmstiSo (1504) f±, A^^s-m^n^ 

e-u ^c#-§-^mriem^om^^ (i 5 1 8) icwt^Ms-tt*. ^i^ 

X^iM^ffiSSJi. ffl»*#?iE^4^IE ( 1 5 0 6 ) »cW#&$*t4 0 IM&ffjK. M%k* 

^jE-r^^WL (1506) (±, m-ww&^wt (1508) , mmmw^g. < 1 5 1 0) , 

&£XJ s BSmWlf*'i Vffr • 7 <f ^9^WL (1 52) Sr-g-tfo L^LW*>, «teflflftl^S 
(15 10) ttiWift 3 t ££faLT*3 < o IC, fl-^ilM^ie ( 1 5 

0 8) & ZVmWMT -i -s? )\s • 7 4 (15 12) <D—j5*tzl*4&m>. ^I&V^T 

i>X^ 0 «K*^jEi-36#a ( 1 5 0 6 ) <*>fc*£*«pfl:1*lfeldU *^»^*T^im^^>m 
g^^^l»l/iitIg?t«t^it^S, fcB^^mtf (10 4) #A#€^ 
(10 1) *«|^»cjl5iS:*-CtB^7l-4IKU©f>*t4M**5e1-*Wtt, 313£ <7) » "C 
**o il5§3*L*fS L< fi^-tvJiW^^^IE^tL^WJis tB^J^^- (15 16) 
T&ES (10 2) ^f>W.*$*L4o 
[0 0 6 5] 

BEfcifc^fc «t ? Ki, &^M&^WL ( 1 5 0 8) *3«fcUV£ fc{4#PTiOi57V ;P • 7 
(15 12) K£<>xmh*i&*K^fra>MM<om.1Rte, fehftz^mwrn^m 

CI £ T^T $ £ o 
[0 0 6 6 ] 

HI 7 A 1 O^^^r^-To 

jffi^^W^SEtftS (10 4) frhWLZ>TVi (10 5) Sr¥®H-e^i- 0 H^L7t?«J<^± 
SfcliTfc, fl|<0ffi;&S£!ft»«>y!l*E1ILT* <fcv> 0 
[0 0 6 7 ] 

m*<vM^mm^m (50 8) kj:ot«-««h-3- rac*. «x.»^ 0 

5e$*i£o ilitioT, X^M-f- (101) *U-ff? v WjztfrK.sffr* rtf-^ 

J £*i£ 0 £*Uis 7H (10 5) CWtlF^ttSo H'-A<7>^|n] (& 

J 7W (10 5) (±> * > KJH«»fciJ^T 1 ifc*4fcli|Mfc*<7>1& 

JllfttEH (extent) 2> tfcfc-f & * Z<T>m^l±, ift^T&tUf. ACM^/cliAD 

°[0 0 6 8 ] 

Iftf^-t— Kl*. — i&fc* 7W (10 5) ^NTtC:*: 7^ K*e-;*£*g$rr 

& 1 otfiTUv^ 7W (10 5) <om*<?>&&& (104) 14, l£T M^i!^ 

■S) o 

[0 0 6 9 ] 
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>-ti^ #-5§-®s*#is: ( 1 5 0 8) itcimmBr* • 7 4** (1512) k 
x-ox&mgt^z-hti&mmit. <Dumzffiw&$>&MiR2frttfa^&& ( 

10 4) HB-em^Wt-S^^ti^-r^ J: 9 ^b$-^Tv^ 0 i^i7Bf:/-Kto #1 
^<7)#^*^^^*L<7)m^^^ (10 4) Kigm^i&^-ftM^^ft&il&fi 

v>H % S^jB3Si^W«r^i-o -ttKix *B£<OiS®l$M t wmwmmi, d„ = t, 

li^4> \z £ it & £ SI - o 
[0 0 7 0] ^ 

75^^I^W^ii^1-^o L*^T, l£&f£ (10 4 a) fc*tB3*i*Mfcl±£H«J 
KoS3§li4<. i^fciftr i^-^ *»?»ttiJt"f **4»^>#-*t **o SEJftS (1 0 4 b) fc.* 

.$*5(104c, l04d, 1 0 4 e^) ^-^x.^tLSil3i^3i^^ii^:-r*0-e 
[0 0 7 1 ] 

z<D£ J )H—iSLV>S&K*iX, *ltJ6c4)*?^<>wl:H«w, ^t::¥fTfc•^*- 
/i»ttr-A7&*ftjK**-tifc* f 5Bai-*o ##fc'h3*»i (t„ <<t c , n) -ert, 

if- A <7) ^|p] J}, 7W ( 1 0 5) KttLTfJUH^cU <1~& t (max 

t n ) ~t c , uwKtti,xinmmijfobti:& xo \zm< ttm*. 

[0 0 7 2 ] 

(focussing) £ t & < ^{Ul - ^ £ t 2> 0 

[0 0 7 3 ] 

+'M*ififc** S ETH-^£«b*ts«i|iI^ML-c) i/htacttioT, miJ*?-y 

ftsg-^-ai t75 s -e§^o tflEOTW • X SUSS* , *MU<7?S E Ticfc 

[0 0 7 4 ] 

H 3 -jj- j§ 

& ( 1 5 0 8 ) &X If/ £ tz li&mTJ - 74 fr? (1512) X 

x5-^hfr7om^mm*wwrrz>v&s iiset do 4) ^DPAAt^wtis 

Kfc LTPJiti-^J: ?}:tS^ D P A A K<£<7).£P K&^X*r*7 > 

j^ctjit^ti^x, ift&ia 7 c ^^-fo 

[0 0 7 5 ] 

117 Cfrhtofrt XiK, ;w«^fea*^«S (l04a^L104h) <7)&*\zj$ 
& F rt 5 l&£ L > i *t ii 7 * - * 7. A (focus point) js^*C JKJfc (converge) -f~&<7)-c 

[0 0 7 6 ] 
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mi] 



(focal point) &W^<? M' f = 



fy 

u 



[ft 2] 



1 



Pwc 
Ptry 

p.* 



[ft 3] 



[ft 4] 

^^mz^wtamm a n = k-t„ 

•fe? h"e&& 0 
[0 0 7 7 ] 

[0 0 7 8 ] 

#-5§-il3£#!£ ( 1 5 0 8) i ttJUSf-f ->* * • y <i )V 9 (1512) \Z X o T# <b *t 
[0 0 7 9 ] 

[0 0 8 0 ] 
[ft 5] 
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d n = t„-j 
[0 0 8 1 ] 

Lfc4«oT, ii-CfOffl Lfc— !Rfl9**ffi'Cli, Vf*)*~9 ( 1 5 0 4) ^ffl^TNi 
7W rto^ft^'ft<7)aJ;*7^&3??>fcg. is itf^ft&^j^m^J&CTjS^L 

[0 0 8 2 ] 

#2L<J±, #123? (10 2) J4, SU^ffilSfc «fctfil^g£MA, U «■ 

, tf!]x_tf> N^<7) ^ y 'T'^'-fStx. tz\~%) A'^r^l^, ?7 7^fiti:J:oTIiI^ft 

Si-*-* «t ? KltUv'o 
[0 0 8 3 ] 

•5 L^tHMEWK/S < #i£^t&£«^#<b*U ^«i:*v>t, D PAAlft*6>t 
[0 0 8 4 ] 

^^iJit^-ei-So HI8{i> ijt^ttn&flej^^piiiia-e^LTis*). rw (3 8 0 1 
) Srffl^T, -9-^>K (Bl) <7)^1 tf- A^^HW^S^W^Ii^ (X) KftMtTtfr 
^tCjiiBLTv^o £*UdU 07 At fcttB 7 B fcij* Lfc J: "9 £ 
£ ^pr^^*2>o ^2 fc*-A (B2) li, -ffijJ^ASt** LT3ltfa?*L'Cv»io 

■c, tr-Afiii^- (x) ££0 u £&i@ie (3 8 02) icsittr, 

«jli*^H5J^i"*o »3 fcT-A (B3) li, ^I^^JS^ffl? ftTV>£C9t?\ 
1 m^^a^M •? n *flJC#MSI^i"*o icoi 9 H s s*7- AoAMfitJfcfflafco 1 oic N 
• v^fA^So %<DWi&> fcf — A B 1 fi^+i-^ > K • L 
% tf-AB2ii^7^>F ('(£3|?<7>->.X7"A-cfi, £tt*\XfcT-*) > K • * 
tf — A B 3li&-9-^> K • f t^^^ito St, tf-^r*^J:^7 9 

Af±4. 8^- hJHJIL, J:t^f--r*JWi7 . t7f >K- 

A <b & v> f - -v * ^ ic it J)D » * -5- x. ft tf , * -v * * R &t> PI K J- - ¥ K 3\ $ 1" 
[0 0 8 5 ] 

itlWtSSf t/^to 3 owftU (3 9 0 1 , 3902. 390 3) £ 

ftlftWlSfS ( 3 9 0 4 ) t^ti, ilSfe^gi ( 3 9 0 4 ) it, mWmW> (3 

909) *«efc>E"f *«/i*t, %^-**n<<Dmm*mm.z^z>o aiML^^-jv^ 

frSEfi ( 3 9 0 5) , J0#§ ( 3 9 0 6) > JtflBS ( 3 9 0 7) £ «fc tftBTJ gElftS (3 9 
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0 8) K^ltR-To frm* (3 9 0 5) l^l?$:MLT, Z<7>mWiZm&2 msK 

Tjk-rx n iL^-r^^t^h^mKmin-r^o m&mw$f> (3909) i±, ^^^)v<o^ 

t^J^13. 5ms /iltilM^-^s -9-7^ > K • * -v * ;i/ £ ffl9*K.&j&-t& X 9 L, 
A'^^^r 2 2 . 4m s rtf»tSi3&§3-#T % -9- y ? > K • + * <£ * 

£IJjirr& J: 9 ic-t&o -^ir^^<7>*lRj*M-tS»-&-N il^fM^gP ( 3 9 0 9 ) fi£tt£ 
#itU ^tHC)SDT«®?r^li5-r^it76 5 T^^o El9T*(i> ®5£^IS: (3 9 0 4) li 
^Eigwilii^SSft-C^Sc 1*14^, £ ft £>*#B2&|*J il^$U^^ 

(3909) £##eet!KA;fru a^sen^m*i--s»^T<7)^ig#-^n^oji 

3 9 0 9) *)Um&&K®htl2>mM*M1RL, %m<QMS&*-l'* > Y ( 

3 9 0 4 ) *"ffc, #45-BBIf MilS£T r - ^ i t *«Tf § * 0 

[0 0 8 6 ] 

t^T-l, S MilftT-S iloj: -7 ^-r^ * • tT^a. 

0 £<*>Hja«u mi o K*t^fi*fflv»j ; i i: i o T»fftt 4 ; ii'ti 4 , fchs-r* 

#-■7** Jrtftfr^'fi-i-fi, DVD^Ht (4 0 0 1 ) <7)i ViHf l^^M? 
ft& 0 rn?>^tli, |wH^M|%*tB$tL, ii#wfi<j**l'Jt£:M«4'^r-r4 0 *-**ju-*:/ 
'j?? (4004) &m\>>x, jr-T** *m-%frb&*-r4 * • z^z&x, 
v*)v*w 9 M^-r^gMenjn-r^o ^-T^jj-iisfcfttMWSB (3909) ^tr^iis^ 

S ( 4 0 0 5 ) KmWtL, ¥Tjr^*Mty%*1-z\imm2-it, Wy YteZlf&fcljm 

(4006) Mffi^-r&o ^rxmrni*. w> k • *r- a 

^fcf-r^ii^fi, sT-tV *SM3MS ( 3 9 0 4 ) i:«t o TilJi $ tit tf- A B 2 

«5fttt±-P»Wt#ti0at-i^-^ y K (#!lx.«\ B8Tttlf-ABl) 3&«^e-*^f,Jft 
r^SWMmTlE^JlciBV^Tj (at substantially the time) i v> 7 -fate J: ot\ iti 
[0 0 8 7 ] 

ScmtLT, kT7'*«S!i¥iE£##£3f (3 9 0 5) 4> i t (El 

1 0 , id LTfcf- A<9^im££MK^;L£ft&&k0&®3£K 

v^t- A<75^---f • y^ — v*.— (on-screen display) £ i£ &t & C: t 

[0 0 8 8 ] 
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j^oT, i£-A<D%l\iil&tf&m%W;&. Hi 1 A Utf"*- J: ? -f > K">l»ffc£J8^* 
«fcv^ 0 tefa1&<oK;fcrt<*!?fcv»»<&. [Hi 1 DWJ:^^ ») ^^&P^£fc£ffi^& - <!: 

[0 0 8 9] 

i^^^fr-r^^S^d 1 2 K^-To i(7)^ttfi. ii*D<051^^S (3 9 0 4 ) £|&*L 

«k-*^> (4101) *s-sso«S^ffiltUT^*o :©^*-in^r/K 

> WffiZWtztbKWmi-TFZtl'Z^Zo *J4*Y*>^& (4 10 1) li, l^^Jl' 
lMSCf^ K^r^^riifflTSo Lfc* l oT, i/XfAli, f-^*;v4* 

[0 0 9 0 ] 

«*I2 1 1 A&^LH 1 1 Df:^to m 1 1 Ali, > K^WSc^tt^o TP 

(4102) ^niiifi< *w k • v-rzm&zit, mm&z&n-t 

tb* V^^^'if^L, 7 l/-f <7)t^l^£^^-$Plife» I (HI 1B#bs) , ft 
-kB&MJfc (FSD : f ull scale deflection) Kjg,g> 0 ZtL$:\B\M~f&tz)£> 

■en. iit*H 1 1 C&XVm 1 1 DiZTjk-to 3 -eSKilivc, n«n<*>£« 

? e > ^ (f&fp) f±^ < & t * 

[0 0 9 1 ] 

tfra ifisv*fli«oiiiftafcj£$H- oTft^fi^-e*^o Lfc#ot, ^SrUM** ^ 

*IW**fl§v»*tHT, fc56«T*S4o @ 1 £ DKTfi-fX 1 fcM 

Lit'* -f y K^Hfto^li'M-CliS: < , Hi 1 B «t -9 *fi3DTtt, 
y K9»±ra»K: 0 £ xi&T LTHSBfcfc »t * 3pil*tt*r EI MT^tz ft, fUM^ 
^MttM^o^il^ttJ: D fc##-C*afcft. ^CRfcttMfcJioi ►» fctatf**ti 
£ »i £ -£ & v> -c l W 2 -r i i § * o 

[ 0 0 9 2 ] 
[ 0 0 9 3 ] 

Hi 3t±, M1RftKm&&fflfc&ft&*foft'*&-&#>%£^* 7 *~1~<> 
XtiW 1 0 1 (±, m^X?'*) y?/3>;m- ( 2 9 0 3 ) U«IS3*tTi3»K Lfc* f 
oT, M?lJf-^^^I*l^D- • -74^9 (2 9 0 1 ) teXW/^'f • X* • ? 4 * 9 
( 2 9 0 2 ) KmmZtlX^&o u- ■ ■ 7 4 )V9 ( 2 9 0 1 ) «\ ^Ktff (290 
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4 ) ftX£> , frScf? ( 2 9 0 4 ) it^XiDiimU ( 2 9 0 5 ) K»ttL, 

*P»S ( 2 9 0 5) liPDAA (10 5) *>N««>Sg»» (104) fc«tt3*LT^* 0 
[0 0 9 4 1 

/N^f . aC* • (2 9 0 2) li> B 1 KtSWbT'H X (10 2) t [WJ-co L 

(10 2) U®*6U -~-%T*4* (10 2) HJn#» ( 2 9 0 5 ) <*>fll*>#- H:«« 
[0 0 9 5] 

tl^^&iSi^it^it^+i^ (far field cancellation) <7>82#£;£Jj&i" & 7fc*t>KfflV>& CL i: 

a (2904) t<7>M*mmL, -^■mmm.mt> n«oS£«» 

^*i:»LT, &;£LT^iyjftBflWil5££^t> aMuWWSP* ft*© iJUCfcoT, 
jgafc&<&*tttoiS»?H£ (global far-field nulling of the low frequencies) ££1* 
&:itft<U 7>f- - (anti-beaming) % BP*>, ^MlyS^OM^OTBb £: ft 4 

°I0 0 9 6 1 x w» m ~- 

ffi, *3&E<7>#4<0»#fcJ:*#ife»;iU WPfii-r ^ v * ;v - 7* (5 1 2) *ffiv>T 
*»nrj!6-C**itlitt»bTi$<'<§-C**'9. £OJ:?47^?fcJ:oT, #^J8 
■SOft-fiB*?-* fl/^^KSiRtSitUio-C, *ft*«5i**ft**I**k^iWD*** 
d ft *o Ci<7>»£\ J8«lfcflf**aMifc5HMU 4MB«*ff 

$SU#|ft*«St*-5-;l*#£l*ft''>o fa-wXAfM^^ttSt^-f >u*Mfc 

fctTSV>, A#€# (10 1) WHft4ffl**WJ«*3a«i-*. HI 3^ti^K, 
A.-£j€-s§- (ioi) li> • ■ y -i *9 (3 4 0 2) tJ: oTttJaaJtSkWJ*^, * 
Ltn- • >*7. • y 4 )V9 (3405) K£ oT^«*Hfif*fc$MH3 fr&o <&ffl'&$L^ 
£ 1 ^t?*-^ (3 4 0 4 ) K»aj 3 *U SEJa«»W*rt^ £ 2 ( 3 4 

o 5) ^mmztiZo m\m&%fm& (3404) m4 7i"f«»i«ittiii, *s 

Sft^tftSf ( 3 4 0 5 ) J: >5 fc*£^o **ttH (BP*,. #t£&U 

tffi«5^l?) fix Mr**««*K*4 ittHctoTs 3SL^c7) (Jf: 

*tSHtv>4 0 #-sp-fi> n-AX • 7 4 )V9 (3 5 0 1 ) fcJOW ■ * 

74 (3502) KXvxfc&xv&mmkJ&frKfrW**'** ffifl«ak»-ES 

(3 5 0 3 ) l±, A*#-*^>4tt««J***3ii!0ta56b»t:«**- #1 fcB# J 
3 5 0 5 ) l'i*ai-r&o ClWfli-Cfi* i<7)»lft#{±x 7 WJ*K*>£:8£»&^fc&*o S 
fl«ft^ESIi> A*«w*H«jft*4r*2iB*SE«»*^ (3 5 0 6) 

ijd#£ (3504) wtft*. Ltztf^x, i^^iflt 

[ 0 0 9 9 ] 
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Sft, j*TOffl*£ift»*«+*f«Ha»c**»'6 , ^aTli4 t-e*«&o Mt, dftUJ4, 
[0 10 0] 

<) o Ell 4<o#££ffl^*i&<&. iE*»©">>#/u»i, 4£JUSu£53* * 
[0101] 

hi 5o^*fflv»4*^s =ftj^<o->>#^ni, 3 o<7>Ji]&&^ji£H-i:T<7)J&#£fcB;£>-r 
[0 10 2] 

»*ffiV^;t*«-C|, #SBff (3403, 3 5 0 3 , 3 507) «>»fcff-»*fr 
t*4, *»OSE*»*fflv*4»fr (HI 4 K*m& J: 9 ^ ^IM^+^Tl^ 

[0 10 3] 

Ell 6frhWbfr%* o i&JittftJ: *> <>fflv»4Setfe#*«/|?«r< , P3g 

A/2WPit) ^*%*o i fti4 , &&&&£vmmmn,*®mzffl 

Ell 7t:*t7W*iiffit4o I^TWTit (f^fflS^jfi^ffiHi"***^* 

h£ .fctmflBfcfcSHkLT^So mi 7T~I4, iE^tt, J* **-j-fcair 
■f, mi 6 twislt^> <£ -9 »^#-^ai^60tt*i^^t-f?T'{i^v>o 
[0104] 

m 1 8 14, S3 L^-e^ipSWJ: «9 tfiv^^H^^i-o £<^&f£f4, B 1 9 K^-f X i 

iRfcSlWiBMgLTEIlSftTJs » - <*>E*Mi&£»SI<a£v»;£?)iZHctt- LTMfc:fr 
\a)K'%kU s & X o UtoTi/'io £ 0>E?UfcJ: o "C*§ ft* ^Sittx aWftftfc^TiEHSfetti 

LTv^ 0 ^Offilc^iB^ft^-y-^^ K • J^*)\y3Fl$?&i?%:^<DX^ ^m^<vW)fti) % '& 
»±W«nirtt4»lft14*4-i6.*o 7*^* HJttt, »t L< !4^& < t <> 2 : 2 

-c&"9, Mfcifi t< 14 3 : i -e*>K se-iJff* u< (4 5 : 1 -e**„ 
t^^'ifflgv^-e, * £ ^ K*>»*tt 1 o<D isnft"t>t, — *iijRtt«)**87 W u o 
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[0105] 

F • -9-^^ h*ifclUfWa**ft*)llltfc»©PDA Av^t AOttfflUHt* 
*«RWiB * fc fi *«® ®^ * ft K J: o T 3 ft * « J* K BB 1" * «» 

*w> k • e-A«>»ttfcfl2ii-r*^ > k* *«rc, 

±, DP A A^fcttftfcjprfcfc^iKfc**^ fflv>6*L47*-#-»^ <*fttf) K£o 

DRIfSf -9-^ > KttR»»^t»?** =t 9 KiatJ^fafcSlfe*** ft*„ bfc 

*«oT, fc, »*4A*«#*let^»^»*4"9->> KlftDPAAtJ: 

AA^ffl^t, *;<n$rjtfr&^W? > KJfelt->^xA (multiple separated-source so 
und radiator system) £ £ 

|220(± 8 TO^- (2103) fc^fc^M***.**:*^ f-WDPAA^W 
ORIt4fc»i*»lB (2 10 2) <7)f$ffl^^i- 0 d*Lli*»'£Nffi^»*3.-nat^<^-C 
fifcv>OT\ -9" ? > K • -9" -7 > KS»*Ji, KMJt^T-IS^BlBgT-^^o 

Bg?A4fcliH7B**J!RLT^HSiWb*:J:?H^ **yK-e-Att, **S*fc< 

*#***ft^ft*E*«Jfc***"o DPAA (330 1) 14 , pISS ( 3 3 0 4 ) WtRlL 
tzmm ( 3 3 0 2 ^^-3 3 0 3) H [6] It T ^ *7 > K*&ffl1-* * 5 KttfWB"?** 

O 

■fr ° y K ° I*- A fcEWS ( 3 3 0 2 ) O hu^^MF 1 (EI 2 1 #JH) fc.fcv>T-fr« ? 
^^jft-g., e-Aii7*-*^A-c«i^ o tr-AJi, R*t»*fc<&R*t 

<Dlk£fr*)mt, M.P 1 OT^A^o Rito/cfcK, ^ 

p i u^aiiiiiki&Mu k*» M (3304) c^^^y^^^ai^-^ t 

rz>o St, #e>*L*e-A«*iir»iiK^oT, asm (3304) omcv>4Wf 

K • lf-A£R|t£ (3 3 0 3 ) c7)«CT)itfe*F 2 (HI 2 1 #J») K43V>T^«3 

if- auu *^is*«>t>n4fl»»csjM-L-c7*-*^ja^ifij*^- R&r*M£> 

l~ a— 9*14, ^V-? V K*, JKJM-SO«f^K*£SI*«jS (reflected focal point 
) F2' ^^UmLfCb^t LTE^ItSo PlUV^mtl^ 
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K-g-f-^^^&^L^iii^uMm-r^ «t 9 cDPAA4ifn*si^ «fi ( hard ) 

itLibO#^<7)^W^i3lt-&-etl^tL5U1@<7)^W (foca" 1 regions) (loii 
!iM-e*4o Lfc*«oT, il^^^mti> D P A A<0ifil»iM**&i-#**vr^*H 

(DPAA) 03**fflv> , |f& ^W*«Wi^lc^TB^ ttS *^Jffl 
«>*£\ ^?fJi^tiibcr)®^Jb^tT, if - A *l{Ut4 i 9 ^ 1^-4 i i: ^S* Lv> 0 

[0 116] 

3:3&W<Pffc 7 <7)frHtife ... 
*mncom 7 OjgM*f± , DPAA W3.-f fi#£<^ -v * ;w©t f > Kri^t 5e*> 

K * gill i tz fi#* t v> ^ •^-x.^^-^IELv^ ®5i# K LtSi 4 ft* £ t T £ 
v';*f$^&) > PD AA$UfP^(±> J»f^#* f *^ 90BR**-&*»*J: 9 tT^t £ 
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[0 117] 

iK^-^^mit^tii^fj-Pii, IK, -Mi, f^^**7M: 

■9-^> K'Sr'o tztb<DJE Lv>5§IS££rlt#"$"4 <£ ? K, 7 7 h V *-T 

t|4 0 fl)x.tfr % ^jg^^^-tx^^^^ya^^ A Itjol, iJ^~7<DU 
»rt"C*ft*llRL, &.&JE8fl£*!l5E-f 4C t^flio 9*>auSUB*l*:fliv»*»<& 
i3«tO t g|SJl<7)*7*JW*fflv>*»-&3l*Hfe^-Cs *p<9 f-^K Sgtt) 

It (x, y, z) ^t>^tT-* (@^ jc.I/^-->3> (elevation) , {Est) ^O^jg 

[0118] 

Soft^*^ Ktli, PD A A<7)m-7-®i&K.fcoT#p< 7*-gibfi«)K^lnlL, kf-A^m 

[0119] 
[0120] 

02 2ldU D P A A (3601) ±i:fittl)t'f* • (3 6 0 2) £fflv>T, 

K* f -fr»-r4l5l CifcAfcJ!S**^fc*4»^*ttBi0"r^"*'<> * * ^ (± - ^-** • * 
(3 6 0 3 ) *fflv»Tj*|«iJl-4 £. t^-Cli, *4VMi, * ^ 9 ZMm?>~B±^ 

°[0 l 2 1 ] 
[0 12 2] 

v^t, -eoAA^*^f)S4t47ci^t^> k#*4»£-, ^^h<om-^<^y *-* 

i: a«T § 4 o 
[0123] 

^tH*i, ■y-VT'Jl'SrJiJia t£- L£ *) , itftct (skipping) £-PH 0 fcf 4 t < fi, CI 

>yj^-nci: tf -r ^ ^ -r 4 pt Bg^Ti 5 *. 4 o 

[0 l 2 4 ] 
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°[0 1 2 5] 

PA (public address) jsi^ny-f — h • ^ > K • ->XfATIi, DPAA<7)felt/^ 

dp AA<D%am&)-%&ttW£ o k> itiSKm^fst&tz , m*)MLm 

liSOXk'-* (D P A A) «t M^&v? Kxt'-*(7)p Q alx.T\ ^ffi^- 

telligibility) ^*JiB s tHo 

D P A A SfcJHv* ^ ^ li-. DPAAAiJCilHSvO' • 7^^07*vi:iljm 
>9 m < *ijfcp-r & c: t >6 S "C £ £ o 

[0126] 

8£mW3 (crowd-control) *i J: O^^fSSft-Cli, D P A A tT- A©7 * - * ->> :^j3 «fc 

^o^<ESLttit**Tl, i6*«3fc«UJ:oTl#K$au3iitiS*»., IMS* ft 

DPAA;^J^I1LT, Jt< Hfffi^^ttTgsa-r^-t^-C^tttf, £>ft4ltt (foca 
1 region) -c»i N DPAA S E TttiS J: *) 4>^l§«r Ct4 d t WC § £ ( 

[0127] 

fill,, 
[0128] 

[0 12 9] 

HI 2 3 *#J!Ri-a <t > t* -f v ^ ^ • "9" *7 > K • ^Dyx^ 1 0 WU fc*± ? * K 

tf-i 1 2-K 12-2tLTft0l?^ »I«ll*lf, 7 W AinfrO^Mrt-eftl: 

[0130] 

El 2 3 Kit, 2 0(7)+r<7 > K • tf-A 1 2 - 1 j3 <fc D 5 1 2 - 2^?*ltv>4 e £ 1 tf- 
A12-lli, 6 1 KfattTSSfflSJU SS!IJR#1 3K|qHtT 

tzio<Dh Ltgftti. »^2t*-A 12-2 1 3 K£IJiiT£ St'C 

[0131] 
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112 4 4v»UH2 6 fcli, f-fy^'t^^K" ^nVx^wa^*-*^ Wo 
^@©I^?*ltv»4, • a - K*P (PCM) BJteO^ji 

7*—-?? (audio source material) 3 y/^9 Y • 7*9 (CD) 

f^y^V-m-?"^^ (DVD) m<V£l*T7U T4V9)\>-*t*J 
y K • ^x^t^T, S/PD I F7*-"7 7 b<7)3fc^^f ?fc»i|B]«l7--r v** 
. . x j. ij-At Lt^ltl'btlSo L3*U faOXjlT* 9 J9*> -7---? -7* 

liDolby Digital (««»*) SfcliDTS (£«ft«0 0 *BE«I* «t 
Itffr-^ftLfcv • -^-v*JW • "9->> y K h 9 >y 9, & & W± :* - x -f *ffi*|l<a 
fStrM ^ ' ^JK7)^f tL^Sr-^-trCi ktf-??&&o 
[0133] 

(0^*1*) tffl^aSitfiJ*?, T^n^A**»^©»« (AUX) tfWnZ 
x~$>y), ztibi±m%JK4t-y*7V yymucTt *J9*> • y*—*y h\zWi*>K-m&2ti 

y-y y K • -9-^ > K^^ff^li, CUfeOflr^fl'Wii: ^> ^> -^7 > K 

(LFE) OJ:^^, -g-co-fifeco-f- ^ 4>#4ii"^^i-^ * ^ o 

CL&fccj fcji*- 2^*;v • -9->^^ ^v- h£&f& [S 

RC] K-fjy&StL s£f-^*JU**—^***^SRC*i*ji3 
£&) > *5 <t >^*fr^ flgB (£fcl±, *y->9>tLT, WBS 

)cW»4f^7'/P-l/->^D?^ [SSC] GltfiJ-ef;^ &4 8. 8 KHz**: 
»±9 7 6 KHz) isi^ybS (SM-ett 2 4 fcT y b ) W->XrA • * n 

y 9i)^m<or~9 • ? n y^^iSt^J: 9 ^tSo i^t>7** • ^~ b£»K 
J: o y- a y * lt«tfl)t^ ^ny^K^K.fci V s 9 vs y 9 <7y#ig#ttK «t & 

wj« o ep^> *«*fta>*:*^ ^ ->*^ • v • *-9 9<DMm 
&}%mjji&t>®.*r4 s J9 • 7*)\>Mm.m [pwm] ^itt<it^, pwm^u 

7 ^ t PWM«i:W?tL4f v • r-9 • *ny*fc*>H-cl±££4raJW* 

SRC^Miyt?^. 4 8. 8KHz««UtV7-;V-U-H:^-C, 2 4 tf y 

1 oA± 6 (®^If{i, 2oifcli3o) ^f^y^ff/n-t'^ [DSP] 
^^•Cf-nWtSc i^^ti, ^iJx.<f> 1 3 3MHz«tS> Texas Instru 
ments1±^TMS320C670l DSPtt*l-tfi<^ DSPli, ft#<^7V:^*, =* ~ Hk^fF 
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jWa-i-^JSli, 1 ofel±<^)7-f -JW K • ^0^7^^* • h • TW (FPGA) J- 
hK*v>T*fit*C: t^ 3 T^^o MUJSU<7)ft#^fix DSPtFPGA«^ 
& 0 *>*v»MU ;M&3<7>-SBifcfi£g|S*. #SEfflafeH»@fi& (ASIC) 

[0 13 7] 

DS Pf£<i. 7*4 v*^ • *-T4 * • t- 9 X±)M-%<0 7 4 ;u*»3S£^fr U, JH)2fe 
[0 13 8] 

LFE] f-***'* 1 oia_b<7Ht!i?)^* «);L<*% ^-^^til^b^ii^ 
[0139] 

;w^«yi*ffv^ 8 — ^-^"^T^u • ■r'-^ • LT 8 > 

■ffrisS. tfUBM *1f 3 9 0 KHzi:^wt8ft * ;^24t"^-7- > 

[0140] 

^H&IWffJSPfc £ ota-tW^ v 9 ;u • -9- >? y K • y o v i i7 * tcjio & g t ;u • 
^'il^T-*- ? ^^fife1"^>o ->*?;v • -f ^ K • ^Dyi ^ ^ ti^ilz:LTtb^7-?--v^^ 

o 7 s " -f ? ^ • ^ > K • 9 J±Sjfl«iU#fer- a * g r;u • * -f a K^iejf & d 

act, MM£FP G A iS3££§HI£H-7-v • t*-* • t>y;wo^ 

$ tis ARM^TIi, ^TO v 7, r A J: W^Sf tftlt ^>o 

[0141] 

f g - A(i, Xilinx-7 -f — ;w K • *7° vt 7 y ~? ~7* )V • Y— Y • Tl"f • n ^ ic A 

■?--y (Of-f -s9)U • ^- -7"V -t • ■f- 9 ■ > -f ;H: -5- x_ & «0 1- cfr^ & iMM; £ 

£j£-f*o 1 o-f o<7)tB^^tff (iO**SH«TJi 2 5 6li) 

[0142] 

T**^-f -tf--> a > (apodisation) , itzltTUJ • T/n*-^^t ■ V 4 > > 7 (a 

rray aperture windowing) (BP*>. irl^M<^#tt#^: (graded weighting factors) £ 
, #^tftS<^T V-<o4 I 'L.>75^<OgB^<7)Wmt LT> &&3ftefc€-§-fc;iffl LT, kf-A 
B^^rfW-r^) ^r, FPGAi:^v>T, * *)\s<DMM^%'*- -J 3 > Kftm^MRl 

ti, S'J'fi^ ^> K^jBJffi^itTtr'-f • * >"^>u • ^ FV-Ali, 8 ^ -v 

^IC 1 ofo, Lt 2 5 61@0^^<^#^^ 1 o-fo-e, ^St8 X256 = 2048 
m<DMm^--y 3 y t^y) , SE*S*^F P G AK£v>-C£-ftU 2 5 6fl^M^l^ 
^ > h<7)#^l^ 1iSU<733 9 0 KH z 2 4 kfy r ffi-^ $r^)^1-^ o ^7"->3 > LT, T 
jK^-b'-^a^ifclirW • T^-^-v • -7 -f > K-7 >T > 7\±, mmt<V tz)& H lis 
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[0 14 3] , . 

2 4 fcf ? hi3<tO : 3 9 0 kHz<O2 5 6 ^fi^fi, , PlflfeKF P G ARC* 

zm^t/ ; -4 xmj&m&zmz ft, x-* • • 7- ka*3 9 0 k hzk^ 

ffitt) rt-Cte^#-5§-#vM Xjfc [SNR] li«l»Lfci4-C**, 
[0144] 

1 ^>«, SSC^D S P7 7^M^o -y ^^J*^jE?l4^a3& 
O^itC-r^i t-C^&o tf!)x.tf, 1 0 OMH z/2 5 6 = 3 9 0, 6 2 5 H z i: * <9 , 

fr/7^PWMM • ^o^IISt, DSPvX^ftl^n-^i 

v^JV • *-7*-f * • ^Srffr ■ r- 9 - hOJEiitftSlfclS, MZ-iS, 9 h PW 
Mi:WLT*V^ • h<7>5 1 2te (2 9 =51 2-C**fc#) d"* t*g-C*«> 
o x-f • 9 • 7- KJE£ 8 CSiLoo, p5jBf > ■/ >U • h £ 

[0145] 

i ) - h £im«>& c: t H J: *> , r-9 ■ V- VMmv>frffitfe*MftZ> £. t * $ 

"C^&o faJxtf, 4 8 K H z<DT~ 9 • hTri i, PTflfe4S/ha>jB3!§3ai*teW: 1 ^ > 7" 
JUjU^a, BP*>, ~2 1 -7>f ^n|J>-C**36«, —75 1 9 5 K H z x- * • V- hTtt* oTfE 
4*/ha5!l^l*Kli (l-r>-/^ii«) ~5. 1 -7 4 ?v&t%2> 0 ##fH^7^^K 
gKit^LT, flMB4-9-^> Kjfttt*»«fl"»l)B (sound-path-length compensation res 
olution) (=P#WjSJ£#fi?tSK#a&£^flL*:iii) -lfcf±M3?-C*&o 2 17 

4 ? n^MK, ^Wt') > KliNT P K*5V»T*-J7 mmfiitio £*Ui, li^is 

[0 14 6] 

i i) P CMT-?*M&$km&!%?Uv ?&f£V>7 t '( y^l/PWMC'lltS: tt±, 
7- Kft7t» s @V^IWmT'^^o ■Nx.fdf, 4 8 K H z CO 7*— 9 • V — \- & \ 6tf^hft 
-eti, 65536X48KHz-3. 15GHz (Ji«*^fflfi9) <7)PWM^ □ y 9 mm 
—1o 1 9 5 K H z Of- * • U - h J3 J: 0 s 8. £ ? hft-Cfi, 2 5 6X3 
9 0 KH z ~ 1 0 OMH z (jEfc^ffifiSO OPWM^ n y 9 &f&tf'&m t £ & o 
[0147] 

i i i ) ■9-^7'^ • V- FMCiot, -9->^;b • U- h- <7)^^-H*3V>T^ fe*l^>11# 

wi^ita^if^; t, tfJx-tf, ~ 1 9 5 K H z <D^>y'fr • hTii, # bK&M^ms, 

li-9 6KHzi:44 0 I ; Pft7'n^ (e^StlM) fi|f^±g?--f[^ X£t=V v> 
HHttSfc (1P*>, Cl<73t&^, ~2 OKHziU) H*£IS#£^l!j£«£ fc*'tHo 

[0148] ^ 

•^>7";V • 7- KHa*«ffiL7tr*-^ ■ ^ h U-A(i, 3 lMb/s©2 6^<7>a?iJ 

, 2 61@<7) K?-<'< • sK- b'<D 1 oHtlJV) ^TfbiL-|) 0 

, ittctoT, ^< o- • a* • 7^ [L PF}<7)^^<, SEift»li^9x-B 
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[0149] 

y as £ r <f y 9 * to k mn-r a t , sa*s^«> m ±> v ^ * muflu -r a - 1 *< 

^<7)lili, iS^ic/AV^fEH, 1 0 : l omJUfcHK** LT l 0 0 : K 

N* 1 omi±$£fflK*tLTN 2 : lTlW»i-*C:fc* 4 "CS4 0 C^J:?^ T 4 V 9 

tscii, yf-fcracepWHtt'-K- K (PCB) ±fc*£Lfc4£«* 

[0 15 0] 

tBS-ei*. 9?x-Dn.j}&k&.#ut<»mKttv- ■ - 7* »9 [l pf] <* 
n 7toyi?LPF) ^@Hm-ra^^/9 s *ao iitji, l^bjiB ( 

x.tJT, KA*W*DW^7^-ADi«SU> -fOffiifcuaUSKjUx PW 

MSOlfcJSafcft (i^lH, £ tU± ~ 5 0 I 14 1 OOMHztiJ) H*v>T«^c«te ( 
<Ol ' 1 ^-9-^mit [MSR] tb;tHg-^*£lSU &ft8#-AWfcflfK 

^mtimm®. >2okh z ) j: >b»v>5&«, pwM«»i*ft mx-n, -5 

0MHz) J: >9 (±7)^ »)tv^f, P WM* * 'J T&Sb*toUi£Wf L> M^iftJJ**^^ 

w^&o z.cn£ oKLPFit, m±>m$:*-?£2>wi&t> loo, 

J; 9 &L P F**'^5?fc ^flL(:LT ! ()^<l'5:§Ifi^^ti^ Bp*,, i^JS 

[em i ] £$&£1-&^b^* s 0M^*K **«>*HNfc-*-* o 

T°t 1*9 V- -9" ^ y K • 7"n v x * * Tli, $Sv> "J - Kfc iot> 

?^T^a<7)T% EM I <*>|HiS»i£< tec b%^o 74 *J9» ' > V • 7-VVX-9 9 
T*fi PWM$&£?|ti> ^^^-BDtUSD^mSS^fiWt*^ £*i$>fi* 

*SE»»*«illi"*o PWM **«*i-tt^^ai*WW'C 

fg-e(±^v^ 0 C<7)/c^> ^7^-BD PWMv^rA^Of -f v ^>A^f 

*?x-BDW#ai##S8H-t?a"e* , 3* ^7^-AD P WM J: o -C^Bfe? it 
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PWM+t'JTfW^^t, LPFIi^tM» Lfcri s oT, 7* -f v 9 • * > 
K • "/D v^* 9-^li. 9 7X-BD PWM^fS^T W £ffl^T^mt?0— 

<o^(a*SU«* f 3^$tL*o ^^x-BDi'ft*©*-^ *i«*aS-ett?&ffflv>t>*L* 

7 X -A Digitus >9 tg!Lv^^T**«9, f LT$2 Us flr&OSEfe K «fc >9 
, EM I £#ltLTL PF^-ltt^fiiK LTfci&Ei: £ •} > ^X-BD^)I|^ 

[0 15 2] 

(OPWM^^r 'J7^7^-BD P WMS^^ffi^^^ t LTifctBS tl&o Z<Dfz 
7*4 V 9 )\> • -9" r > > K • ~f n v* jl. 9 9 cD7*4 V 9 )\> - T W • 9 «7 F-* t: — * 

^^M<X*-f- J r^^co 1 oizWjSi-iv^-f ft<7) 1 o (J^±) c^ib^-r^ * >7 v F 

«ifr-r*m*it«iE^ft> frt><Dtat) (D&tttz m&l, m.t)*4 ? ^a^z/mm^mti 

[0 15 3] 

->'?;p • +f-^>- F • yayi^^(0#£»^*Mlil^^t, 2 5 4 IE^I^Tj 
IT, 2 0fi«)SllS^«>A% 7 o<7)M^J^ 1 9-B«)S6iftll^feJft* 6 ^><on 

jlTt**3K»a^:*>C«^ity!l4 fc<i£^Jfc«iR3*/ri/»*»^ * )f<n&+\z 1 
3 2 <7>^£&/n*-->- 3 >**#t>*t, cof!lT{±> *-**;M&tt 5 ep*,, -£-ft6 6 

Of f^;bt^So i«V>*-xV (tffl&tfs 1 2KHz^V>Ll 5 KH z) $ "C 

WPg{2> 7*-f v^;u • " 1 f , 7 y F • 7ny*^ ? o TfetB $ *L4-^«7 > K»*te«SU 

5ramOtI?!i ? f tl^it^^^ HA^7 W • H7f h <b> 7 W rtfcSE 
[0154] 

HI 2 6 J: 9 r -f ^ • ^ > F • "fW ^9 9<D^~-*f "fV?-7x-^ 

jj£T£o C<7>^fet'(i, ^-?fo<D&WiZfrtz*-7*4 * • WjlTA'M {Mx.i*. DVD 
frb <r> \£ 7** igSffil-c^ji+t, r-V ju • ^ F • 7"nV 

-t-9 9*&&2ittltf X < , T4 'J9 ;U • F • -fu*Jx.9 9 <T>7s 7- - 9 * *5 «fc C^'n 

v> Flf^S^^ 7n^7A • tf-7*>§-±US:te'g'*?3^*o • -9"? > F • 7*nV 

*9 9<D^frhi%$x-<Dm^mmft<v7u^xmmtfi'fr^5:^ wx-tf. 
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[SBSwfl&iJifcS&W] 
[0 15 5] 

[HI] ^M^^-A^J^m^^-tHo 
[0 2] ^AMl^T'D'^io 
[113] ?jlffl^S2f?<^^n y ^H 0 

[14] *awo»a***»ii^*^"Cffl''^*«'*jR^ J tHBS* ^7''' v^^iiis^ 

[0 15 6] 

[si 6] *5Swonsio]S»*-J:sfl-Etl**-riao 

[13 7 A] #3&iB<a»> l ©SJlio^iKrfflv^tliiifc^S* 4ffiH<aM<ai*i<a l 

[HI 7 B] 1 1 C W ! f H 4«mc7)^^<7)|*loSiJ 

<7) ] o£i^-f [2o 

[H 7 C] #$&E*># 1 ©i«^f«-fflv^ii5it^l?l4 4ffiMO^!ic7)f*l^SiJ 
(7) l o£^-ri! 0 

[in 7 d] #s&9§«)fss i <Dmm<Dmn*m^2>tm2>zk&-?zz> 4mM<o^<m^<om 

<D 1 o^tHo 
[0157] 

t'-Agi^^tio 

[ia 9] m*&teW^ifc*%feK^K&fc&K&^**)i'Kmm*^t&&w*^m 0 

[0 15 8] 

[[3 1 1 A ] *3kW<7>&3 <7>WM&3iW-t&tzibKm^hP>&MA<7>V 4 > KflWftO 1 
o^^tBo 

[13 1 IB] *HP<7)#3 <7)^#*^B^-t^>7t*tCfflV^tl^a^<7)^ -f > K^W^COSU 
<7) 1 o£^1-[3o 

[(3 1 1C] *|&i<?)*3 c7)i^^|^P^i-^>7t:i6(cfflv^tL^fS^(7)^ 4 > K^M&OSiJ 
<t> 1 oi^tHo 

[13 1 ID] *^W<7)^3 o^flifc&IBtSfcau/B^ibti**!**)? -f > K^IWSftOSII 
co l o^^TI3o 
[0159] 

[112] m%2> o 4 y K->l»Sfe*ft4:*-?--r*^»c5affl-t**il*^-tlHo 
[13 1 3 ] #|fc*jg&&fc#S&*:£fe^g^lU"t&*&iI**r:7n * B 0 

[I3i 4] iiftajaiftftWJA^sijfl^tBijffiiftSuaBtfli-raisii^^-ria. 
[i3i s] m*&m&wi5&*&mi-&&t)&&&<r>&KM&i-zmw*mtmo 

[Hi 6] 7 W<?)IEflSI2£;^ U fE-f-(±#^»75> s m^-r*^^^J*^^-tllo 
[0160] 

[1317] #5&9Js>aM©SB*fcJ:*, *£tt»Kffij£5&'£v»g»3ISitt*#t*ffi#g£ 
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MF.THQ1) AST) APPARATUS TO CRKATE A SOUND WT.I.I> 

This i mention relctea to steercile acoustic antennae, end concerns in 
particuJardgjiil elecccsaicaUy-sfccrtblc acentric antennae. 
5 Phased array antennae uv well known in the art in both the cJ net rc magnetic 

and the u^nuwnic acoustic fiHda. They are less well known, but exist in simple 
form*, in (be tonic (audible) acoustic are*. These lansr are relatively crude, and the 
invention nttis to provide intprovcmenls related to 3 superior audio acoustic array 
capable offering staered to as to direct its cutout more or lesa al vol!. 
1 0 ' WO 1 0S6 describes a system whicii a*es a unary coded signal to drive n 

uu array of output transducers. Each transducer is capable of craning o ?ooid 
pressure poise and is noi able to reproduce the wfcoic of the signal to be octput. 

A first aspect fifth; present invention addresses the problem that can ante 
when multiple channels ere output by o single array of output transducers -with each 
1 5 channel being directed in a different direction. Due to the fact Ibal cju^i channel 
tikes a different path to the listener, the charawd* can be midtbfy otv of s>ncbronbnj 
when they arrivo al the listen er's pnsiiiou. 

In accordance wirb the fun aspect, there is provided a method of creating a 
sound field comprising a plurality of chenueb of sound using an array of ontpnt 
20 transducers, said method comprising; 

for each channel, selecting a fast delay value in reaped of each output 
transducer, said fire? delny value being chosen rn acconiar.ee vnth the position io the 
may of the respective transducer; 

selecting a second delay vajue for each thannei, said second delay value 
25 being chosen in nccorder.ee with the expected travelling distance oJ sound waves of 
that channel frnm said array to d listener; 

obtaining, iu respect of each ompu: transducer, a dolayed rcplieu of a signal 
representing «*nh channel, each delayed replica being delayed by a value having a 
Ivru component u*n>iprishig said fint delay value and a second component 
II 0 cxrirtprising said second d:!ay value. 
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Abo in accordance with the fin* ecport of the invenSou there is |snv ided 
cppaniuis for creeling * sound field comprising: 

a plurality of inputs for a plurality of respective signals i rprrventic^ different 
sound channels; 
5 on array of output transducers; 

replication means amtsg»"d 10 obtain, in respect or each output transducer, a 
replica of each respective input signal; 

first delay means arranged to deity each replica of cash signal by t Tcxpccrivc 
first deby velue chosen in accordance with the position in the array of the respective 
10 " output tnntdtccr; 

second delcy mean* arranged to delay each rcprica of each signal by a second 
dola> value chwen for each channel in acconlance with lhe ejected travelling 
dismncis nfuxmi waves of that channel from the arrsy to a listener. 

Thus, there b provided a method and apparatus for applying two types of 
1 5 delay to each' sound channel to oUeviile the effect of diiTerenl ba veiling ffc'sumccs for 
each ehsnncL 

A second aspect of the invention addresses the problem that arises in audio- 
visual applications of the array of output transducers. Dns to *e various delays that 
often need m be applied lo the channels to crea:e the desired effects, the sound 
20 channels can iag behind the video pictures noticeably. 

According to Ihe second aspect of the invention, these is provided a mctltod 
of providing temporal correspondence between pictures nnri sound in an audio- visual 
presentation using an array of output iransdnccre to reproduce the sound contra; 
coinprising a plurality of channel*, said method comprising: 
25 delaying, in reaped of nach <a:tpui transducer, a replica of each si&nnl 

representing a acted channel by a respective audio delay value; 

delaying t video signal by a vjdeo delay value cotculnted so corresponding 
video pictures aro displayed at'subsHmlisdly ate time the temporally corresponding 
lonnd ohnnncl* reach die bsleacr. 
?0 Piirdicr. in accardraice with the second aspect of the present invention, there 
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{$ provided apparatus io provide irmporal correspondence hotwoai pic tuxes and a 
plurality of sound cbanncb in an eadio- visual presentation comprising: 
eti ttrtay of output transducer*; 

replication and dcCay meant arranged to ottain. in icspoct of eaei output 
5 transducer, a dclayec replica of each rignx! representing a sound channel; 

video delay meant arranged to delay a corresponding video signal by b video 
dslny vaJue calculated no oomnsp<odijig video pictures ere displayed at rjUtanbaDy 
ihc tene the temporally ccuTCRponding sound ehas^rLn reach the listecei. 

This aspect of (he invention thus allocs the video end sound channels to 
• 0 • arrive al the ▼ic*er/]istenex a: the correct tune (ie » temporal corrtspor.diace with 
one another) 

A fti/d aspect of fho present invcritiow addresses die problem thai differenr 
sound channels may have diflEwcnl contents Uld thus there are different. nveds in 
Lcrms of the directivity 10 be achieved by any pirticolar beam TepTesentbj a .ound 
15 channel. 

Accordingly, the thud ospect of the invention piovide* u method of creetirvs » 
sound fteld comprising apinrality of cbunnels of sound using an array of output 
transducers, said method comprising: 

for each channel, obtaining, in respect of each output transducer, s replica, of a 
20 signoV representing said charjjcl so as to obtain a set of replica signals fa each 
channel; 

applying a first window function to a first set of replica signals originating 
from a ftrrt sound channel signal; 

applying a second, different wrndo-w function to a second set of replica 
25 signals originating from a second aound channel signal. 

Further, in accordance with the third aspect of the invention, tiicrc is proWded 
apparatus y> create a aoucd Acid cowprisiug a plurality of channels uf sound, 
comprising: 

an array ofou'put tranicucers; 
30 replication incans for providing, in respect of each output rransdnccr. a lepltca 



i 
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uf a signal rcpicsrudcg each of said plurality ofch ia neh.: 

wtncVjwing menus for applying a fir3t window function to > first set of rep lie* 
signals originating trom t first sound eh«u3cl signal and for Applying a second, 
different, window function to a second scl of replica kignsis originating frcra a 
5 second channd f igael 

THs aspect tbftrcftv* allows diO'rTenl wlnitow function* to be applied Co 
different chaimcli giving a more Usiirabk sound field and m atin g it cosier to 

adjuw Ok volume o f each sound channel independently. 

A fourth aspect of the invention addtcsse* the problem (hat a large array is 
10 - required lo direct tow rrceueuciea whereas a smaller array caw direci high fixxjueocies 
to the same accuracy. Further, low frequencies require higher power than high 
frarucrcies. 

In occordajioe wiib the fourth «isjh*» of fho invention Gktb b provided a 
method of creating s sound field using an nrray of output rraneducers, said method 
15 comprising: 

dividing an input signal imx a! least a tow frequency ncroponent and a high 
frequency component; 

using output transducer* spanning a first portion of the array lo output said 
low frequency component; and 
20 using output transducers spanning a second portion of said array smaller than 

said first portion to output said high frequency component 

Further in accordance wiib the fourth aspect of me invention there is provided 
apparatus for creating a sound field comprising: 

ao array of output transducers wherein in a first area of the nnay the output 
25 irsnsducers ore more densely peclttd than in the macinder of Mid array. 

This aspect Wherefore altowj ill the frequencies to be output with tht desired 
directivity using ad efficisot numb a of output transducers. 

A fifth aspect of Uie invention relates to an efficient configuration of array 
which can direut sr/und sufcalardially within a desired pl»ne. 
30 In accordance with the fifth aspect of the invention there is provided an may 
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of output tracadnceis positioned next to each other in a tin:; whercni each of said 
output trnnsducOT has a dimension in the direction perpendicular to said line larger 
then the dimension pnrclld to wid line. 

The above described configuration is particularly useful sine? the sound is 
5 primarily concent! a^cd in a plane extending horir.ontdly out tif lie front of the array. 
The ccmcentrstinn to a plane is achieved due to (he oJongato oatoxo efttte individual 
transducers tod the directivity is achieved due to (he phtrality of transducers in the 

The sixth aspect" cf the invention addresses the need to direct narrow or broad 
10 beams to a defined position using reflective or resonant surfaces in accoidance \vilh a 
users dosuc 

In accordance with ths sixth aspect of the ptw.ii: invention thora is provided 
A method of causing ptural iopul agnah, representing respective channels to appear 
to emanate from respective ritffcfeni positions in space, said method comprising: 
1 5 providing a sound reflective m resonant surtace at each or said positions in 

fpiice; 

providing an array of output transducers distal frnro said positions in space; 

and 

directing, using said array of output transducers, sound xaves of each channel 
20 towards tic respective politico in space to cans: said sound waves tn be ro- 

Uansmntcd by said reflective or resonant surface, said sound wives bciug fbcussed at 
a position in space in ft not of, or behiniJ. said reflective or resonant surface; 

said step of directing comprising: 

obtaining, it! respect of each rrsnsdticer, a delayed replica of each input signal 
25 delayed b> a respective <Ulay selected io accordance with the petition in the array of 
the respective output transducer and said respective focus position such that the 
couud waves of the channel we directed towards the focua position in respect of thai 
channel; 

summing, in respect cf each transducer, the respective delayed replicas of 
30 each input signal to produce an output signal; and 



(47) 



JP 2004-531125 A 2004.10. 7 



routing (ho output sigusts to tbc n*pecU*e btnsducexs. 

Further in accordance with ihc sUCi aspsc! of the present invention there is 
orovidad an apporfiUis for causing plural icpm signals reprcseffiing respective 
choroids to appear to era and: from resp active dklerBAfCtsiliens in space, said 
5 apparatus coraprUins; 

a «umd reflective or resonant surface iu each of said position* in space; 

ro array of output ttansduwss dirtal from snid pooUiox© in snd 

a controller fcr dircdirg, using slid array of oomm transducers, scund waves 
of each channel toward* that channel'* respective posuiou in space such that aaid 
10 ' ionnri waves are rc-trtnsnutted by said r tfketive or resonant surface, saiiJ sound 
waves being focusscd ax « position in space in Svrt of. or behind, said reflective or 
resonant surface: 

said coctioHor cotnptisuig: 

replication and delay meant arranged to obtain, m respect of each transducer, 
15 c delayed replica, of the input signal delayed by o respective delay selected tit 

•ccordanee wHh thn position in the array of the respective output transduce* and the 
respective focus position ruch that Use suund waves of Ujo channel are directed 
towards the focus position in respect of thai input signal; 

adder means arranged to sum, in respect of each tranvluoca; die respective 
20 delayed replicas ot each input signal to produce an output signal; and 

means to route tbc output signals to the respective irstjsducei h sucb that the 
channel sound waves are directed towards the Tocus portion in rcdj*xl or that input 
signal. 

The sixth aspect of the invention allows o narrow or broad beam M he re- 
25 transmitted in accordance with the focus position being chosen behind ot in 5rcnt of 
the roflectOT/resorvaiot. 

The seventh aspect at the invention addresses 'he problem 'hat it tan be 
difficcit tn dslennma wcaclly where smuid is directed or focusscd srxl there is a 
requirement Sir en intuitive method which allow* an operator to control (with' 
30 feedback) where the sound Is directed or foousseu. 
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ln Accordance nith ths seventh aspeci of tho pressed invention there is 
rwvidcd a tccthod of selecting J directum in which to focus sound, said method 
comprising,' 

pointing * video earner* ia the desired directiM. wins viewfinder or otter 
5 Ecrcch means to dctcimiiw ii the dirocliou is that desired; 

ealccJaticg a, plurality ofsignal dcliys to be cppHed to o set of xcplicu of an 
input si gaol so as ID direct wand fn the selected direction. 

Fnrther fcj accord.nice with the Pftvenih aspect of the present invention there is 
provided u method of determining where sound b directed, said method comprising: 
1 0 ' automatically adjustinf; the duection in which 3 video camera points in 
accordance wi:h the direction in which sound is directed; 

disceminj from -die viewfuader or other screen means which direction the 
camera is pointing in. 

KnrUwnriofe in accordance wi'h the seventh aspect of the present invention 
2 5 there is provided an apparatus for setting up or monitoring a sound field comprising: 
an array cf output transducers; 
n direciable video camera; 

mean* ccu'souing said array ofou'.pm transducers and, said video camera soch 
(hat said video camera pmnti ia the *arne direcitOQ a.* h sound beam from wid array 
20 is directed. 

The seventh aspect of the invention thus allows a user to determine Avherc 
sound is directed in an in'-iiitive and easy manner. 

Generally, tbe invention b applicable to a preferably folly digital steesablo 
25 occustic phased anxy antsoua (c ttgilal Phaseri-Array Antennae, or DPAA) system 
coraprisine a plurality ot'spaftaliy-astributed sonic elcctroococstic transducera 
(SFTs) outvied in a rwo-dimonsibnal anay end each connected tc the same digital 
sitjnal input >»7j an input wguat Distributor which modrfi w the input gijmal prior to 
feeding it to each SET in order to achieve the desired directional effect. 
}l) The various possibilities inherent in ihia, e:jd the versions thai art actually 
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prufermrii will be seen from foe following:- 

The SETs ire preferably arranged in a plane or curved ertfece (a Surface), 
rafhei dian i endue I y in specs. They may also, however, be in the form of a 2- 
- dimensional stock of two or raore odjaceai* tub- arrays - two or more tlojcly-apwx-d 
5 paral'ici plane or curved «n feces kicaled urx behind the next. 

Within * Surface die SHTu mnldng up the array are prefWrahly closely spaced, 
and idsajly completely £11 the overall antcana aperture. This is rrnpraclica] with rest 
circular -section SETs but may be achieved with triangular, wjuaic or hsugorml 
section SBTb, or to general with any tieclion which tiles the plane. Where the SET 

10 sections do not tile the pl&ne, a close appro* trsttion to a Gllcd apcf.urcmay be 

achieved by leaking the array in lite fenn of a stack, cr array* - rz~, duee-dimensions! - 
where at least one addrtionsl Surface of SliTs is mourned behbd at least one olhcr 
such Surface, and the SHTs iu ihz ur each rearward array r&diaic between \h~ ^xp\ ra 
the frontward array(«). 

1 5 Tlia SET* arc preferably similar, cm! ideally they are identical. They arc of 

course, sunic - thai it, audio - irAcxs. and mos: preferably they are able uniformly to 
cover die entire audio band from perhaps as low or (or lower than) 20Ha u> as rcucJ: 
as fcr or nnrc (the Audio Bsnrfj. Alternatively, there con be used SETs of 
different sonic capabilities but together coding the entire range desired. Thus, 

20 multiple different SP.Tc may be physically grouped togethet to funn ■ composite 
SET (CSET) wherein tho groups of different SETs together can cover the Audio 
Banc even though the individua* SET* cannot. As a ftirUier varum. SETs each 
capable of only partial Audio Band coverage can be not grouped but instead scattered 
throughout ihe array wifti enough variation amongst the SET* dial the ejray as a 

25 whola haa complete or more ocuiy complete coverage of the Audio Band 

An ahernativK form of CSET contains Severn] (typically two) icamiccl 
(jarteduceni, onch driven by tbc some signal. This reduces the complexity of the 
required signal processing and'drive electronics while retaining many of the 
ad vantages Of a lfir^e DPAA. Where the position of a CSET is referred to 

JO hereinafter, it is to bo understood that ihis position is the eentt oid of the CSET as * 
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whole, i.e. tfca centre of Rravity of all of the individual STiTs making cp the CSET. 

Within a Surface the spacing of the SET* or CSET (hereinafter the two are 
denoted just by SETs) - U-jlI Li. the general layout and struclcrc of the amiy and th« 
yt*y (he individual transducers rjx disposed thc^'n - i* prefcetbry regular, and fcci: 
5 dalrihutinr. about the Stubco is desirably synttneoicaL Thus, ihc SI? 1 * are mrrt 
preferably spaced in & triangultr. square or hctagoniJ lattice. The type one 
nr:enl£'.top o; the lattice con bo chose* u> control the rpocirtg ai*l diieciton ofsiiio- 
lubsi. 

Though not essential, each SET preferably has an omnidirectional 

| o input/output characteristic in at least a hemisphere at all sound wavelengths which it 
it capsble ot effectively radiating (or receiving). 

Each output SET may edce any convenient en desired form of sound radiating 
device (for example, a conventional loudspeaker), and though thay ire aU preferably 
the same ibey could be duTbrcaL The loudspeakers may be of tbe type known as 

1 5 pisionic acoustic radiators (herein the trsnsdnecT diaphragm is moved by a piston) 
end in such a case the mnximi-m radial eateot of the piston-radiator? (eg, the c:Tecuve 
piston diametof for eircnlar SETs) of the individual SET* is preferably aa small as 
possible, and ideally is as fmal- as or smaller than the acoustic wavelength of the 
highest frequency in the Audio &md (eg in air, 20K 1 la sound waves have a 

20 wsvdength of Rpproximuie;y 1 >.zm, so for circular piatonic transducers, a maximum 
diameter of about 1 7mm ia preferable, with a smaller sins being preferred to en suit 
omnidirectionaiity). 

The overall dimensions of the or each amy of SETs m the plane cf me array 
are very profcrnbly chosen lo be as great as or greater thai lac ex rustic wavelength in 

25 air of the lowesi frequency ol which it is inleodad co significantly affect she polar 
radiation pattern of 'he array. Tliiis, if it is desired lc be able to beam or steer 
frequencies as Sow as 300Hz, men' &c array sire, in the direction ai right angles to 
eaeh plane in which steering or beaming is required, should be at least c, f 300 - 1 .1 
roetrs (wha t c, is. Ihc acoustic som»d speed). 

30 The invention is epplicabla to tully digital steeritble sonic' audible acoustic 
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phcjtd army natenna system, and while the ocluil transducers ecu be driven by on 
analogue signal tnaea preferably they are driven by a digiti 1 . power amplifier. A 
typical aucb digital power amplifier inCurporaies: a PCM Signal input; a clock input 
(or & means of deriving a clock from the- input rCM signal): an output clock, which 
5 it either internally eewralod, or derived ftum (he inpol clock or from an additional 
output clock input; cni an optional output level input, which may be ethn t digital 
{PCM) eigne) or m analogue signal (in the brier cuss, this eudogoe signal may aiso 
provM? the power Tor the anjpli tier o'jtpirt). A charactcrirtic of a digital power . 
amplifier is that, before cry optional analogue output littering, its output is dieorctc 

10 ' valued and stepwise continuous, and can only change level at inter vala which match 
the output clock period. The discrete output vnhies are controlled by the optional 
output level input, where provitfod. For P\VM -baaed digital nrcipli tiers, tfco output 
signal'* average value over my integer multiple of Ac input sample period is 
representative of lbs input signal. For other digital amplifiers, the output signal's 

1 5 aveiagc value tends towatrts thu input signal's average value over periods greater 
than the input sample period. Preferred forms of digital power amplifier inclode 
bipolar pulse width modulators, and ono-bii binary modulator*. 

The use of a. digital power amplifier avoid* tlie more common reqeiremmt - 
' /bund in most so-called "digital * systems - to provide a digital- to -mud o&uc converter 

20 fDAC) and a lineai po»er ernplifitr for each transducer drive channel, end therefore 
the pows drive efficiency can 1* very Irish. McireovcT, as mosi moving toil acoustic 
transduce;* are inherectly inductive, am* mechanically net quire efTectivcly .is low 
pass filters, it may be unnecessary to add elaborate electronic low-pass filtering 
between the digital drive circuirry end the SliTs. m other words, the SETs can be 

25 directly driven wich digilal signals. 

The D?AA has one or roar- digital inppt terminals (Inputs). When more- then 
one input turminol is present, it js necessary to provide means for touting each input 
signal lo the individual SETs. ' 

This maybe dons by connecting each of the inputs to each of the SETs via 

30 one or mere input nSgnal Distributors. At the most basic., an input signal is fed io a 
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si-j k* Distributor, acd thai siajle Distributor has a separate output to eadh of (he 
SETs (sod the tdgrval it output* is ratably modified, es discussed hcxciciitrr, to 
achieve the end desired). Alternatively, these way be a nnmbcr of siniikr 
Distribute**, each taking the. 07 pan of the, input signal, or separate input signals, 
S ami than each providing o separate uulpuX Ic each of the SCTs (and in cadi case the 
signal it outputs is reitshly modified, with the Distributor, w riisnussari hereinafter, to 
achieve the end desired). In this liucr case - 1 ptcruliry o. r Distributors each food-lag 
nil the SLTs - the uuipuls from each Distributor to any one SET have to be 
combined, and eonvenicmly this is done by an adder circuit prior to any farther 

10 ' modifjeatioo die resultant fesd may undergo. 

The Input tenruna'is preieaably raocive one o» mom digital signals 
representative of the sound or sound* to be handled by the DPAA (Input Signal?). Of 
course, tbc original electrical signal defining tbc sound to be radiated may be in an 
analogue Amou and "JwnefuiB the system of the invention may krcrudc one or more 

1 5 analoguc-to-di glial exurvcrten; (ADC's) connected each between mi auxiliary analogue 
input terminal (Analogue Input) ami one of the Inputs, (has allowing the conversion 
of these external analogue electrical signals to internal digital electrical signals, each 
with a specific (and appropriate) sample Tat= Fs ; . And Urua, within the UPAA, 
beyond the Inputs, the signals handled are time sampled quantized digiUl signal* 

20 icprcsentattve of the Eound waveform or waveforms to be reproduced by the DPA A. 

The DPAA of the invention incorporates a Distributor which modifies tho 
input signal prior to feeding it to each SET in order to achieve the desired directional 
effect- A Distributor is a digital device, oc piece of software, with ono input and 
multiple ontpnts. One of the DPAA's Inpot Signals is fed into its input. It preferably 

25 has coe outpct for each SET; alternatively, one output can be shared amongsi a 
number of me SRT& or the element of a CSET. The Distributor sends generally 
differ eutly modified vemious or the input signal to euch of i« outputs. The 
modification* can be either fixed, or adjustable using a cuntrol system. 'Ihc 
modi fi cartons carried out by the dislributor ran comprise applying a sign*! delay, 

30 Applying amplitude control and/or adjustably digitally filtering. These modifications 
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may be carried oul by signal delay means (SDM> arcplilutfe control raww (ACM) 
mj*\ adjustable digital filters (ADF») which ere rrspartivOy locates within tbr 
Distrfbiccr. If is to he noted that rbe ADPa can be arrwged to apply detail to tl»e 
signal by appiuprialc choice of filler cocfGcierOs. Farther, this delay can In* mv.de 

5 frequency dependent each Out cn tferont frequencies of the input signal are delayed by 
difTerrr.1 omaunis and the filter can moducc the effect of \ho scm of any number of 
such ddayed versions of the signal. The terms "delaying" or 'delayed - need herein 
shoutd be coastrucd as incorporating the type of deieys applied by ADFs as well as 
SOMA. The delays can be of any useful duration including 7 ana, hoi in genera], at 

10 ■ least one replicated input signal is delayed by a con-2*ro value. 

The signal delay means (SDM) axe variable digital signal lime-delay 
elements, liens, became ihrso are ool single-fictjueuc*. ot narrow frequency -band, . 
phase shifting elements but true time-do lay*, fee DP A A will operate over a bmad 
frequency bind (eg the Audi© Baud). There may be means to adjust the delayi 

1 5 between a given input terminal *no each 57VT, and advajtagcoiwJy there is a 
Kepcintcly adjustable delay means for each Input'SET combination. 

The nrironvam delay possible for a given dipial signal is preferebry as small 
or smaller than T„ that signal's sample period; the maximum delay posiiblo fur a 
given digital sign^ should preferably b» chosen to be as large as or larger than T„ the 

20 lime taken for sound to cross the transducer array across its greatest lateral extent, 
D w whete T, - / e, where c.is the apecd of sound in air. Most preferably, the 
smtllcal incremental vhan^e iu delay poBoible tot u given digital cignul should be no 
larger loan T„ 'Jut signal's scruple period. Otherwise, interpolation of the signal i s 
necessary. 

25 Tbe ainpb'ni dc control means (A CM) is conveniently implemented a* digital 

amplitude control means iui the purposes of gross be cm shape modification. It may 
comprise an ainplifaer or alternator sc as to increase or decrease the magnitude of an 
output aignal. I tea the SDM there is preferably an adjustable ACM foi each 
!np4ri/Sfcn" combination. The amplitude control meats it. preferably a/Tsngad to 

20 apply ihiTerinn, amplitude control to each signal output from the Distributor so as to 
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cotrnaracf for the fdci that the DPAA is af finite size by asnig t window rmclicn. 
This b convcrc w.Uy ocHcvod by normalising the rcegciuate of each outpcrt signal in 
iccordar.ee wift 1 predefined neve ruch as a Gaussian cvrve or a raised cosine 
curve Thus, in general, outpci signals deshned for SETs near 1hc cent* of the array 
5 will ool be aiginuaaiUy aflocttd out those near lo tho pcrimcta of the «snay wiU bo 
attenuated according lo aow near to the edge of the srmy (bey ore 

Another way of mwtifying tha sign*! mas digital filters (ADF) whose group 
delay and jnagrdtud.' response vary in n specified wry as a fanes km of frequency 
(rather titan just a sin.ple tic:e delay or level change) - simple delay slemccts may be 

10 ' uaed m iirmlamentmg these fillers to reduce the oecessary cotTrputalion. This 

approach allows oonuol of (he DPAA radiation |»Ucrn *» a function of frequency 
which allow* cuntml of the radiation pattern of the DPAA lo be adjusted separirtaly 
m different frequency band* (whieh ia useAU because the size in wavelengths cf the 
DPAA radiating area, and thus hs directionality, is otherwise a strong function of 

1 5 frequency). For exrjnple, tar a DPAA of say 2m exieni ijs low ficquency cut-off (for 
directioriolhy) is around the 1 50Hz region, ana as the human kit has difficulty in 
determining directionality of sounds at such a K>w frequency it may be more useful 
cot to apply "Tram-steering" delays and amplitude weighting at such low frequencies 
but in* i rad to go for an optimized mnpuf level Additionally, (be use of fibers may 

20 u!so all ow sotuc compensation for unc venness in the radiation partem of each SET. 

The SDM delays. ACM gains and ADF coeiTicieuts can be fixed, varied in 
response to User input, ur under automatic control- Preferably, any changes required 
while a channel is in use me made in many small tntreiticrtts so that do discontinuity 
is heard. These increment! can be clicscu to define predetermined "roll-off* and 

25 "arttek" rates which describe how quickly the parameters arc able to change. 

Where more than one Input is provided - ie there arc / inputs numbered / to / 
and where thews are A' SET*, numbered / to ,V, il is preferable to provide a sopexalo 
and sepatstely-udjtistabls delay. rrmpUtude control nitd/or filter nusu;s (wbee J- 
/ uj I. n »* / to N. herween each of the / i rowta and each of ths A? SETs) for each 

30 combination. Por each SET flicre ore thus / delayed or filtered digital signal?, one 
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from each of the Inputs via the separate Dis*.nbulCT, to h< combined before 
cppljcatkni to die SET. There are in genera} separate SDMa, AOls «od'cn ADft 
ia each Distributor, one for ecxb SET. Aj noted above, (his ccmbi£anor> of digftaJ 
signals is cortvenieij'vly dune by digital alscbf aio adxKtioc of Oie 1 separate delayed 
rignaU - :c lht> signal to each SET is a linear corr/mnsrion of Rrpcr*Jely modified 
signals from each 0/ the /Input*. The requirement to period n digits) addition of 
signals 01 151031 infj from more than one Input mean* that the digital sampling rate 
conveners (DSRCs) may Deed to be usod. to synchronize those external signals, as it 
is generally not meani«igp-d to perfnrm digital addition 00 two or more digital si goals 
' with d; Herein clock, rales ond/'or pbasto. 

The DPAA system may be used with • rernote-enmrn) handset (HmvUet) tba: 
communicates whh the DPAA electronics {via wires, w radio or in&a-rcd 07 some 
other wirelees tecJr.tniogy) over a di'iL-moo (ideally ft-oro oaywlwre ra tha Kslening 
area of the DPAA), and provides manual control over »fl the major function* of the 
DPAA. Such a control system would be, mow useful to provide tbc following 
functions: 

1) sejeajoa of which lapulfs) arc to he connected to which Distributor, 
whtsh might also be termed b "Chancd"; 

2) co: mo I of the focus position andVor Iteam sb^pe of each Channel; 

3) control of the individual voJume-loveV aefcuigs for each Channel; mad 
«) an initial panacieter scl-cp using the Finoilsct having a buU'.-in 

microphone (see later). 
There may also be: 

meeus to intcicaancct two or more such DPAAs in order to coordinate 
their radiation patterns, their focussing one their optimization procedures; 

means to store und recall sets of delnys (for the DDGs) tod Gllei 
coefficient* (for the ADFs); 

The invent ion will be furdicr tl^cnbcd, by way of nor»4iniittttive eaaaple 
only, with reference to the accompanying sciiemaric drawings, io which: - 

Figure 1 shows a representation cf e simpl© *mgle-inpul apperatus; 
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Figure 1 is a block diagram of ft multiple-input apparatus; 

Figure 3 is A block dj*gr:an: of a general purpose Distribctm; 

Figure 4 is a block diagram nf a linear n>npiiua and a digital ampliGet vsed 
in preferred ortbodi iikxub of the present invention; 
5 Figure 5 shown ths mtarcoTmectjun of several array* with common cemml 

and input stages; 

Figure 6 Ehi>w* 9 Distributor in accordance with Ac £ t u aspect of the pmstnt 
inversion; 

Figures "A to 7D show tour types of sound field which may be acbieved 
10 ' uMng Uro apparatus of Uie first aspoct of the present invention; 

Figure 8 shows three different \tcsm paths obtained when three found 
channel j arc directed in differed directions in a room; 

Figure 9 show? an apparatus for applying a daliy to each channeJ to account 
(br diueraU unveiling distances; 
! -S Figure 1 0 shows an epp aratiu for delaying a video signal in accordance with 

the delays applied to the audio channels; 

Figure* 1 1 A. to 1 1 1) show various window functions lueri to explain the third 
aspect of the present invention; 

Figure 12 shows «i apparatus foe applying different window functions to 
20 different ctiAnncIs; 

Figure 13 if a block diagram showing apparatus capable of ch:tping itinerant 
nequoncioj in difTexont waya; 

Figure 14 shows on uppaiatua for routing different frequency bands to 
separate output transducers; 
25 Figure 15 shows an apparatus for routing different frequency bands to 

overlapping mo of output transducers; 

Figuro ; 6 show* a front view of an array with symbols representing ihe 
frequency bands which each transducer ourputfl; 

Figure 17 shows or. njray of cutput transducers havmg a denser region of 
30 transducers near the centre, in accordance with the fourth aspect of the invention; 
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Figure 1 3 shows & ataxic UunsdiKcr btvtug to elongate structure; 

Figure 19 shews en array cf the traasductrs shorn b Pigure 1 ?; 

Figure 20 sbxrw? & plan view of en an- ay of output transducers and 
Tefle<iivc/rccoaar.t scteess to achieve a FnrrouDd sctrud effect; 
5 Figure 2 1 shows a plan view cf an array of transducers end reflecti ve/resunarii 

lurtace*. with beam patterns being rc-fkclcd from the uatxes; 

Figure 22 shows b side view of on array having a video unnera attached In 
accordance with the seventh aspect of the mvcnlion; 

Figure 23 i.i a drawing of a typical *et-up of a foudjpeakei system in 
10 'act ordnncs with Uie first afpeu of the prwect invention; 

Figure 2d is a Mock diagram of a first part of a digital teudsrxakeT system in 
accardanoe with a preferred embodiment of the first aspect of the present invention; 

Figur; 23 is ab'eck diagram of a second pan of n coital loudspeaker system 
in accordance with a proferre/ embodiment of the first aspect of the present 
15 invejuioij; and 

Fipire 26 is a block diagram of a third part of a digital loudspeaker system in 
accordant with & preferred embedment of the fust aspect of the present, invention. 

The description ami Figure* provided hereinafter necessarily describe the 
20 invention using block diagrams, with each block re yi esesti n g a hardware component 
or n signal processing fctcp. The invention could, in principle, be realised by building 
separate physical components to perform each step, and irrtercoiDiecting than as 
shown. Several of the s:eps could be implemented using dedicated cr prosrammabls 
integnded circuits, possibly combining several steps in one circuit. It will be 
25 understood that in practice il is likely to be meet convenient to perform several of the 
signal processing steps to software, u»ug Digital Signal Processors (DSPs) or 
ge-ercl praposo niicjopructttsfinv ' Sequences of steps couid then be performed by 
aqwraui processors or by separate software routines charing a microproccsior. oi be 
combined into s single routine- to improve efficiency, 
30 Th= Figures generally only show audio signal paths; ck.ck and control 



(58) 



JP 2004-531125 A 2004.10.7 



connections are orarSai for clarity vmlrs* necessary to convey the icon. Mnroow. 
onry ;mill numbers of SET*. Ousels, wd thrar associated circuitry are shown, as 
diagrams become cluttered anil hud la inraprol if the rouJiiticiEy Inge otrobers of 
clement* are included. 
5 Before trie respective aspect 3 of thu present invention are chscrihejl, it i* 

wacflil ro doxxibc cajdbo<iiincDt3 of tbc appaiitus which arc suitable for use in 
accordance with any of the respective aspect*. 

Toe block diagrwn Figure 1 depict* a simple DPAA. An input signal (101) 
ficds a Disrribuxor ( 1 02) whose many (6 in the drawing) outpnts each conned 

10 * ihiough optional amplifiers (103) to output SETt (104) which ore phyocaJiy 

anonged to fonu a two-dimensional an»y (105). Th» Distributor modifies the signal 
sect io each SET to produce the desired radiation panera There may be addi toil 
processing steps before and after the Distributor, as ilto&raietf later. 

Figure 2 shows o ftPAA with two input ai B n6ls (501,502) and three 

15 Distrihuttir* (503-505). Distribukir 503 Ircats the signal 501. whereas both 504 and 
505 treat tlto input signal 502. Tbo output! from each Distribuinr for each SET ara 
summed by adders (506). and pass through amplifiers 103 to the SETs 104. 

Figure 3 shows the components of a Distributor. U has a sir.glc input signal 
(101 ) coming from trw. input circuitry and multiple outputs (802), one for each SET 

20 or group of S£Ta. The path from the input to each of tfco outputs contain* a SDM 
(803) aneVor an ADJ? (804) anuVor an ACM (K05% If the moJificMions made in each 
signal path are tijralnj , the Distributor can be hnplcmcrnod more tfneictitry by 
including globel SDM, ADF and/or ACM stages ($06-808) before spliuing the 
signal. The paramc ten of t4cb of the part! of each Distributor can bo varied under 

25 User or autximjiOc control. The control connections required far this are not shewn. 

Figure 4 yiuws pcssfljlc power amplifier coufigiBahonfi. In onu option, the 
input digftoJ signal (1001 ), pojsibfy from o Dismbulnr or adrter. passes* lhnm£h a 
DAC (1 0C12) and a linear povor amplifier (1002) with an optional gsarvVolnme 
control input (10C4). The output feeds o SET or group of SETs (1005). In ■ 

30 preferred configuration, this time Uiustrarod for two SET foeda, Uw> inputs (1 OOC) 
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directly feed digital amp! [fieri (1007) with optional g I coal volume contra! rajnrt 
(1008). The global voJuoe control inputs can convraimlly also serve as the power 
supply to the output drive Circuitry. The discrctt-varusd dibits I artpliiier outputs 
optionally pa53 through analogue low-pass fillers (1009) befon: teaching the SETs 
5 (100S). 

Figure 5 illustrates ihc irtfcrroatECtiea cf three DPAAs 1 l"*Cl )• hi Ibis case, 
fas inputs (Mft2), input circuitry (14Q31 and control systems (1404) are shared by all 
three DPAA*. The inpu: circuitry and ccoi f .rol system uoaid cither he separately 
horjed or incorporated into one of the DPAAa, with the others acting as slaves. 

10 " Altonalivdy, die I'nrte DPAAs could bo identical, wi th the redundant cirarirry in the 
shrve DPAA* inertly inactive. This sd-vip allows increased pwei. and if the arrays 
ore placed sid= by side, better directivity oi low frcqueccics. 

The apparatus or Figcxes 6 and 7 A to 7D has the general strucboe bhcr*n in 
Figure 1. Figure 0 ahuws a p* ricrabJc Distributor (102) in fanner detail. 

1 5 As can be seen frt»m Figure 6, the input signal (10)) is routed to a rcpitcetor 

(1 504) by means oi'on input terminal (1514). The replicator 0 504) lias the functiuri 
of copying ihc irun:t signal n nro-dctcrmined number of tintes and provjdrrig the same 
signal at said pro-detcrnunod nucihoc of output terminals (1518). Each rcpKca of the 
input signal is Ihen fuppliod tP the means (1506) for modifying the replicas. In 

20 general, the means (1 50b) fur modifying the replicas includes signal deity means 
(I SOS), amplitude control mmns (1510) and adjustable digital ftl!er means (1512). 
However, it should bo noted that the amplitude controi means (15 10) is pertly 
optional. Further, one or other of die signal delay means (150S) and adjusutble 
digital filter (1512) may also be dispensed with. The must fundamental function of 

25 the moans (1 506) to modify replicas is to provide that different replica* aie in tome 
sense delayed by gonerully different amounts. It is die choice uf delays whish 
determine* the sound field achieved when the output transducers (1 0*) output the 
various delayed versions of the input signal (101). The ddayed and profcrebly 
othon**ise modified replies* are output from the Distributor O 02) via output 

30 terminals (151$). 
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As already mentioned, tti choice of respective delays ciirtod by each signal 
delay means { 1 50$) and/or etch adjustable digital filler (1 5 12) CTiic&lly influcncca 
the type ofsouad field vrtrich is achieved. Jr. general, there arc focr puroVjIaily 
advantageous sound fields which can he Hocarly combined. 

5 

Km SgaflSatd 

A first sound field U shown in Figure 7 A. 

The may (10?) comprising lbs various prtpul tnmaducers (1<H) i* shown b 
10 'plan view. Olher rows of output transduce*? m&y be fccaicd above or hefow {he 
illustrated rw. 

The delays applied to each replica by the various signal deUy means (SOS) are 
set to be the came value* eg 0 (in the caso of a pkr.e .-trray as illu^trutod), or :o valuta 
thai ire a function oflhe *hapc ut'the Surface (in the case of curved surfaces). This 

1 5 produces a rough ry parnUol "Notjm** of sound reprcscntsrive of the input signal (iO IX 
which has a wave {runl F parallel to the array ( I OS). The radiation in tbu direction of 
the beam (pcrpcadicuJar to the vsyc front) is significantly mcro intense tban in other 
directions, thocgh in general there will be "aide lobes" loo. The assumption is that 
the array (105) has a physical extent which is one or several wavelengths at the sound 

20 frequencies of inlcrest. Thitf fact means ibat the side Inbun can gcncmlry be 
attenuated or moved ir necessary by adjustment af the ACMs or ADFs. 

The mode of Operation may generally be thought of as one in which the array 
(105) mimics a very larjfc oadiriona) ^;idtpea]sjrr. AH of the individual transducers 
(1 0«V) of tbe army (10S) arc operated in phaso to produce a symmetrical been: with n 

25 principle direction perpendicular to the plane of the array. Tbe sound Geld oblaiued 
will be very «iroi!ai to that which would be obtained if cringle larye loudspeaker 
having a diameter D was used. 

Secand.S.iuad Field 
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Ths first sound field rrighi be thought of as i specific example ofthc more 
general second sound fidd. 

Hrrr, the delay applied to each replica by the signal delay means {1 M)8) or 
adjustable digital filler (1 512) ii made to vary such thai ilie deity increase 
5 Kys'jemalicalfy amongst :he Jransdurers ( 1 04) io some, chow direction aras (he 
surihee of tho array. This is Uiurtrattd io Figure 7B. Tho delays applied to the 
various signals before thry are rotted Co their respective ootpvt transducer (1 04) may 
be vUualiicd in Figure 7B by the dotted lines extending behind the uansducor. A 
longer cloKcri line represents a longer delay nine. In genend, the relationship 

10 " betwoen iho dotted lines and the- actual delay time wiD be d, = t,*c where d 

represents the length of the dclled line, t represents the amount of deiay appbed to 
the respective signal and e rcpreeotts die speed of sound in air. 

As can be seen iron Figure 7B, the delays applied » the output trarodEceri 
increase linearly as you move torn left to right in Figure 711. Tims. UiO signal routed 

1 5 to the transduce; (104m) has substantially no delsy and thus is thu first sigrnil to exit 
the array. The signal routed to tbe transducer (104b) has a nncll delay appfcod so this 
signal is the second to exit die array. The delays applied to the trorarmcm (104c, 
104*3, IC4« etc) *ucve»siveSy increase so that there is a fued delay between (he 
outputs of adjacent transducers. 

20 Such a teiios of delays piodoces a roughly parallel "beauT of sound similar to 

that produced for the fust sound Odd accept that raw the beam is angled by an 
amount dependent on tho amount of systematic delay increase that yns orod. For 
very small delays (t„ <<■ T„ n) the beam direction will be very nearly orthcponal to 
the erray (105); for larger delays (xnax \) - T t the> beam can be steered 10 be newly 

25 tangential to the surface. 

As already described, sound waves can be directed without focussing, by 
chotwhig delays such thai the same temporal ports of the sound waves (ihute porta of 
the sound waves representing the t amu information) ftora each trsnsthicef together 
fomi a front F travelling in a particula: direction. 

30 By reducing the tinpliredes of the signal? presented by a Distributer to th? 
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S£Tt located closer to the ecges of the amy (relative to tbe atrip) icvdes presentee to 
Ihr SEJs closer to the middle of tbe anay), the lovci of the aide lobes (due to the 
finite an ay sfce) in the radiation pattern may be reduced. For example, a Gaussian or 
raised cosine curve may be used to determine the amplitudes of tbe signals «roro each 
5 SET. A trade off is achieved b^rwceo adjusTing for the effects of finite array size and 
lie decrease in power due to tlw reduced unpStude in the tmcr SETs. 



10 ' Third Sou nd Fichl 

If the signal delay applied by the signal delay mean* (l 50a) and/or rha 
adaptive digital filter (1512) is chosen such that the sum of the delay phi* the Bound 
travel time torn that SET (I OA) to a chosen point ic space in from of the DPAA are 
15 for all of the SPT$ the samo value - ie. so that sound wa»es arrive firm: cadi of the 
output transducers al the ebcaen point as tn-phase sound* - then the UP A A may be 
caused to focus sound *i thai point, P. 'J "his ts ilhwtrated in Figure 7C. 

As can be seen here Figure 7C, the delays applied at each of the output 
transducers (J 04a through »04h) again increase, although this time not linearly. This 
20 causes a curved mvtvc front P which converges on the focus point suet that the sound 
intensity at and around the focus point (in a region of dimensions roughly equal to t . 
wavelength of each of the special lanoponenU of tbe sound} is considerably bigJj-M 
ihan at other paims neamy. 

The calculations needed tc obtain sound wavj focussing can he gcncislised as 
25 follows:- 



focal point position vector, f - 
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nth transducer position. p a j 

LP- 



IranffiT tens for nib transducer, = - ^'(f - p m ) T (I - p.) 
required delsy for each tramtineer, </ w = A - t n 

' wtcrc A ia a constant effect to ensure that all delays &ru positive and bencc realisable. 

5 

The posiiioa af the focui point may be varied widely nlmwt anywhere in 
front of fee DPAA by rjitably choosing the set of delays u previously eeecribod. 

Foyflh Soun d Field 

10 

Figure 71) show's a fourth sound 6eJd wherein ye! another rationale is used ro 
deaenninr the delays opphed to the signals routed to each output tniruduccr. In this 
ercbodirocat.lluygens vrrveie* theorem i* invoked to simulate a sound field wbicb 
has an apparent origin O. This is achieved by setting the signal delay cr«ued by the 
15 signal delay mum (1 508) or the adaptive digital filler (1 512) to be «iqua) lo the 
sound travel time from a point in space behind the array to the respective output 
trauaducer. Tbes« delays are illustrated by the dolled lines in Figure 7D. 

It will be seen rxura Figure 7D that Ihosc output transducers located closest lo 
the eimulated origin position output a signal before those transducers located further 
20 away from the origin position. The interference pattern set up by the waves emitted 
from each of !he tnaunJucers creates a nontd ficW which, to listeners in the near field 
in front of the array, appears to originate « the simulated origin. 

Hemispherical wave fronts are shown in Figure 7D. These sum to create the 
wave from. F which has a c-jrvarure aod diioctioo of movement the same as n wave 
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frant would have if it had orrgiruled at the simulated origin. Thus, * trie sound ficW 
n ob-juaol Tbc oqirnl kni for calcubiin£ »i« delayr, is now:- 

= w 

Rtac t, ii fr-fri"' 1 us in thu third enxbcdimenl and j is an arbitrary offset. 

5 

It can be seen. therefor;, that die general method utilised involve* using (he 
repbcaiOT (1 50*) to obtain N replica signal*, one for each of the N output 
traciducciri. Eoci of these replicas we then delayed (perhaps by GU«iog) by 
respective delays which arc selected in accordance with both tbc position of the 
10 respective output transducer in th© vcray and the effect to lie adutrvod. Tisz delayed 
signals arc then rooted to the respective output transducers lo cruatc the appropriniu 
sound field. 

The dismbulur (102) pfcftrably comprises separate replicating and delaying 
xaean» su that sigmU m»y be replicated and delays may be applied to each teplica. 
1 5 However, other cou figurations are included in the present invention, for example, ho 
input bnfibr with N taps rnay be nsed, the position of the tap detiirroming Hie omoreir 
of delay. 

The system described is a linear one and so it Is possible to combine any or 
the above tour effects by «nrp:y adding Together the required delayed signals for a 

20 particular output transducer. Similarly, the linear nature of (he ayslem m«w that 
several inputs may each be separately and distinctly focossed or directed in the 
maimer described above, giving rise to controllable and potentially widely separated 
TOgiocB where disrioct sound Gcldi (representative of the signals at the diffiroat 
inputs) may be established rente le from die DPAA proper. For example, a first 

25 signal can be inade to appear to originate some distance behind the DPAA and a 
second signal can bo focmsed on ft position some distance in front of the DPAA. 



Fjnt /ygpect of the InvefltjflB 
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Tbs first aspect o; ths invention reloJis to foe use of a DPAA in a 
oirJridiftOLel system. As already camted, diilercci channels may lie directed in 
different directions using the same array to prorkle special effects. Figure S 
scbanctiwjly al»ws ihift ra plan view the array (3SDI) used tu direct a first beam 

S of sound <B 1) substantially straight ahead '.awards a list=ner (X)- ctn be cither 
fccuSMd or not « ahowu in Figures 7 A or 7B. A iccood beam (B2) ia directed at a 
•light angle, so that the beam pastes by the drtrncx (X) and undergo** multiple, 
reflections from the walb (3S02), evcalualfy reaching the listener again. A third 
beam (B3) « dircctsd w a sfcroxgrr angle so that it bounces once of the fide waJ end 

!0 * reaches th* Hst=o«. A typical application c * * system « a hunic cinema system 
in which Beam Bl represents o centre sciiral channel, beam B2 represcnti a n ghi 
surround (right rem speaker in convennOoo! systems) sound channel and beam B3 
lejneacnu a left sound channel. Further beams fur the right channel and left *urround 
cliamicl may also be proscn! but are omitted from Figcre 3 Tor clarity. As ia evident, 

15 the beams travel different distances before reaching the user. Pot example, the centre 
beam may travel a.Bm, the left and right chancels may travel 7.3m and the surmund 
channels travel 12.4m. To account for this, an extra delay can he applied to the 
channels which travel the sliLTtest distance so that each charmd reaches the user 
subsuntiidiy shnuhanennjdy. 

20 Apparatus for auttovii^; this ishIkwo ia Figuro 9. Three channels 

C3901, J 902.3903 1 arc input lo respective delay means (39M>. The delay means 
(3904) delaj' each channel in time by an .tmnitot determined by a delay controller 
(3909). The delayed channels Iheopaas to dUtribulor* (3905), adders (3906). 
amplifier* (3907) and output u-ansducers (3908). The distributors (3905) replicate 

25 and delay the replicas so as to direct the channels in different direction? as shewn in 
Figure ft. The delay conrmi;er (3909) ehoos* delays 5 W sd on the expected distance 
sound waves of thai channel will travel before reaching die user. Using the above 
example, the surround chaWl travel* the fluthesi and so is not delayed at all. The 
left channel is delayed by 13.5 ros so ii arrives at the seine lime as the surround 

30 channel and the centre chame! is delayed by 22.4 ms so that it arrives at the- same 
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tanc. as the sysrwmd channel and *e left chansel. This wacrw Uist ell chanels 
reach the listener cl us ncne time. Tf Ox directisn of the church is chafed, tbe 
deby controller (S9<)9) can taXe account of ibit and adjust ihe delay w acwEdingly. In 
Figure 9, the dday m»t5 (3W) are aho-am before the distribute!*. However, they 
3 may beneficieliy be ttcoTpnratai into Ibc distributors s-i thai Ihc deisy controller 
(3909) inputs a signal lo eeeidiflributor and Una delay is applied to an rwiicaisd 
signals otnpvt by :fc»: distributor. Turdbcr. in ecothcr practical aii=rntu>e, there can 
be used a single delay couhollei (3909) which chooses the reseilant delay far each 
channel replica *od thus isnds delay data to each distributor, without the need for 
1 0 * separate delaying elements (5904). 

Second A spect of lbs Invgfltkn 

In the ebovp debtxibed first aspect, the delays m the aoand re aching the ns» 

15 ran be considerable and become more noticeable as tluy increase iu magnitude. For 
ondta- video nppliriui«W. thl« can cause the pictures lo lead the sound pvin«/ an 
unpleasant effocL. This problem aw be solved by use of die apparatus shewn in 
Fifpae 10. Conts prodint audio and video signala ant »npp£cd from a source surfi as 
a DVD player (4003). Thexe signals ere read out simuluujeoosly and have a temporal 

20 cxare&poreleffio. A clt«nr;el tid-rler (4004) is used to obtain each channel of audio 
from Utc audio signal and each channel is applied lo die apparatus shown in Figaro 9. 
The audio delay controller (3909) is connected to a video rfclay means (4003) so that 
the video ngn^l can bs delayed by an appropriate emoinrt ao that sound and pictures 
reach tbe user al the same time. The output D-otn tho video deJay means is then 

25 output to screen means (4006). The video delay applied is generally ruleelbtcd with 
rrXcrcr.ee to the greatest distance travelled by a sound beam, ;e the surround channel 
in Figu:a 8. The video delay in tin* cas* wou'.c be set to be equal to the travel time 
of beam BZ, ^vhicb is cot deluyud by o-idio delay mean* (3904). It is usuaUy 
desirable to delay (he video signal by an integer comber of Irainea, meaning tfjat the 

30 video delay vaUwe axe ouiy approximately equal to tbe eslcuhced value. Even the 
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f'Jrrotod ctonnels rosy undergo gccj© delay doe lo any processing (eg tltoing) tbcy 
undargo. Thai, a further cocrpanerJ nay be added lo the video delay vihic to 
accouct fen dis nxoecsaiftfi, delay. Further, ii t* often simpler lo delay U>e video 
ligca! ortfil «lie sound dial reachc* Ihe listener on a direct pofb ("eg Drain 8 1 in Figcre 
5 3) leaves 0* jp raker. "Jht resulting error Is jcreraily smalt, and listeners are 

accustomed ta U from current AV systems. Claims 1 1 and 16 are intended to cover 
dig Kyjtcrn whereby QlL» aod apprcuuirwlim w Aio to tmnvci video .frames arc used, by 
virtnc cf the phrase "at lubstar-taDy ihr time". 

As a refinement, tho video delay Sjeaoa can be connected (see dotted lice is 

: 0 Figure 1 0) as well lo cizb distributor QOOi) so that appmpniUe account can be taken 
of any delays npplied for reasons of bcasi directivity too. As a funnel rc&niancnt, 
the video-processing circuitry can be rued to pec ride an on-eerem display of the utcr 
interfac* cf Ilia sound system. In ■ owe ecneral software cmbodkocnl, cseb 
component of audio delay would he calculated by a rncroproeesooi as part of a 

1 5 program and a complete delay value would be calculated fui each replica. Those 
vuhici wnuld then be used to calculate the appropriate video delay. 

Third r\sy?v;orthe laYcffiion 

30 When multiple channels ere used, it can be beneficial to apply a different 

window function to each ciwuuieL Thft window function reduces die effects of "side 
lobes" at the expense of power. The type <«f window function oscd is choaen 
dependent frn the oi islities required of lh< resultant beam. Thus, if beam directivity is 
important, a window function as is shown m Figure \ I A should be used. If less 

25 directivity is required, a moro gentle function a* shown in Figure ) ID can he atwi. 

An apparatus for achieving thisia shown in Figure 12. This apparatus is 
substaatialJy the same as Qui shows in Figure 9. except the extra delay neanj (3904) 
are orotic J. Such rairn rxlay uicaox can he combine*; with this aspect of the 
invention however. An e*rra component (A 1 01) is positioned after the distributor* in 

30 Figure 12. This component applies the windowing function. This componco: can 
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beneficially be combined wiA the distributors bat is shown separately fci clarity. 
The wmdowrns means (410?) applies & window ruccden 10 thorn of replicas fot 4 
chauasL Thui. the ryil<xa caj bj configured «o that difTcrera window futciivns are 
chosen for each chinnel. 
5 This system has a further advantage. Channel* having a hirfc has* content art 

generally required to haAt a high level and directivity is cm io bnpcrtarJ. Thus, the 
wiodow frncruri can oc altered tor such, chanoels to meet these needs. An ^ tr.pl: 
is *howr. in Pi guree 1 > A-T). Pigure 1 1 A show a typical window Sanction. 
Tramduccrs oear the outside of array f/S 1 02) have a fc>»vcr output level than those in 

10 " tho centre to reduce side lobes and improve directivity. If the vohiroe is turned up, 
uTJ output irvrb fucrcaas end torn: transducers in the centre of the array may saturate 
(sec Pigure 1 IB), bavins rwtchod full scale deflection (FSD). To ei'Oid ibis, the 
Shape of the window function can be changed instead of merely amplifying ihc 
output of each transducer. This is shown in -figures ; iC and i 11). As tht> volume- is 

1 5 increased, tlx outer inuffidncers ploy a gieatei role iu contributing to Iho overall 
sound. Aiihotigb this increases the side lobes, it also increases the power ontptu 
giving a 'trader sound, whhmt any clipping (saturation). 

In* sbf>ve technique is most important foe tbe higher frequency components, 
thus, the present aspect can be combined with the fourth aspect (sec later) 

20 advantageously. For lower frequencies, where directivity is less attainable and l«s« 
important a fiai ("Bcxc*:") miirfow amotion maybe used to achieve maximum 
power output. Also, the changing of (he window taction to account ftw increased 
volume as showD in figure 1 LD is no! essential a;id saturation as shown in 1'iguie 
1 s B may rot ir. precliec appreciably deteriorate quality since the windows still falls 

25 off to rero avoiding a discontinuity at the edges and a discontinuity in level is more 
damaging than a discominuiiy in gradient, as shown in Figure ) IB. 

Taoxlh AgECgj of th e Invention 



30 



The itosctiviiy achievable with iho airay is * hinction of the frequency of the 
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stgncl to be directed and the aw of the array. To direel a knv frequency signal, a 
larscr my w necessary than to direct » high frequency sa^nal with 3ie seine 
resolution. Ftatbttmcie, low fr«p>cnci« eeaera*.ry require more pow lhao high 
frerrucnaes. Thus, ft is scVcntagecus to spht en input signal intn two or more 
5 frequency bands end deal with these frequency band* separably in torn* of tbft 
directivity which is achieved n«in» the DPAA anpanOi*, 

Figure 1 3 illustrate* vV ecncral apparatus for »eloctiw.ly bean big distinct 
frequency bauds. 

Input signal 10! is connected to & signal spiiner/couihiusa- (2901) and hence 
10 " to a low pass-filier (2901) and a higb-p*»-fihcr (2902) in parallel channels. l*>w- 
pass-fillcr (2901) is connected to ft Distributor (2904) which connects to all the 
adders (7905) -a-nich ore in turn connected to the N transducers (1 04) of Cto DPAA 
(103). 

Hiph-pass-filier (1902) connects to a device (102) which is the same as 

1 5 device (1 02) m f i^ue 1 (and which in general contains within it K variable- 

amph'uide and variable-time dday dements), wluch in turn connects to die other 
ports of the adders (2905). 

The system may be used to overcome the effect of fer~ficld cancellation of the 
low feequencies, due to the array size beine small compared to a wavelength at those 

20 lower frequencies. The system therefore allows different iruquencic* tu be treated 
di/fcrenriy in terms of shapes ibe sound field. The lower frequencies p*« between 
the swujcuMolcutor and the Umoduoers (2904) oil with the came tiine-dclay 
(nominally zero) and arnphtude, whereas the higher frequcsxies are appropriately 
time-delayed rod amplitude-controlled for each of thcN tracsdixon independently. 

25 Thia allows anri-bearoing or milling of ti ic higher frequencies without global far-field 
nulling of Die low frequencies. 

It is to "oe ootcil that the mothod according to the fourth aspect of the 
invention can be carried oiit using the edjustablo dyptal fillcra (5-2). Such filtera 
allow different delays to be accorded U» different frequencies by simply choosing 

30 appropriate values Cor the filter coefficients. In this caso, it is not necessary to 
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acparatcJY split up Hie fiequsiicy batkb and apply dUTer art delays to iho replicas 
derived freer, each froqnency bind. An appropriate effect can be achieved amply by 
fttenrg the various replicas of the sirgle input >:snfd. 

Figure 1 1 shows anoths erribodi rr.cn' of this aspect in wbtcfc di/Ictm sets of 
5 output transducers of the array ere used lo tjarumit different frcc/Kncy bjuwls of the 
input cigna! (101). Ax in Figure 13, (be inpur rpul ( 1 01 ) is KpJit into a high 
frequeitey bend by & bi*b pass fOici (3402) tind a low frequency band by a low pass 
Glrci (34C5). The low frequency signal is routed to a first act nf transducers (3404) 
and the high frecueiicy band is routed to a second s*l of transducers (3405). The first 

10 'set of transducers (3404) span a larger physical extent of the array ILan the high 
frequency transducer* (?4G5) <L>. Typically, Ac extent (that fa, the nugnirudo of a 
characterisaic dimension) spanned by a set of transducers is roughly proportional to 
(Cut t tartest wrtveienglh to be tronsiniitctl. This gives roughly cqaaJ directivity for 
both (cr &B if more ihsr. two) frequency bands, 

J 5 Piprres 1 5 shows a further embodiment of this aspect in which 6unie uutput 

transducers err shared beSvccu banc*. Again, the signal i* jylit into low and high 
frequent* components by lowpass filter (3501) and e high pass filter (3502). The 
low frequency distributor Q503) mutes Mpprnpnueiy delayed replicas of Cse low 
frequency component of the input signal to a first set of the output transducers 

20 (3505). In this cxonrplr. this fint vet comprises all the Transduces m rjtu array. Tbe 
high frcqpeocy distributor routes the high freqeeocy coaipunad of the inpul signal lo 
a second set of output transducer* (35060- These transducers arc a subset of the 
whole array and, as shown in the Figure, may bs the s»uie ones as are used to output 
the low frequency component. In this case, adders (3504) arc required to add the low 

2S frequency and high frequency sigcols prior to output. Thus, in this embodiment, 
more transducers ere used to output the low frequency component and thus mor« 
power can be achieved where it Is noedod d tbo low frequeitties. To further improve 
the power output at law frequencies, the ouler nunsdiKers (which output soleJy low 
trequiaicics) can bo terser and more poworful. 

30 This method has rhc advantage dial die directivity achieved is the same oetofu 
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all frequcnriw and a rrucbinrm of transducer* ars used fw the high frequecciea, 
rating in decreased complexity and cost. This ii especially ±e case when a set-up 
such as « shown io Figure 14 is usod, «.-iOi lev»-&equuncy ipeafic tiansdeccjs 
around 3» outside cTthe amy and high frequency transducers rcaj the centre. This 
5 has ihc further advantage thai chcapci limited mngr tnmsduoeis may be used rather 
chin full-ran?e transducers. 

Figure 16 shows schxanaucrJry a front view of an ocay of transducers, each, 
symbol rcpreseat£ii£ 2 transducer (cr«e Ulc aymbols ere nol intended to rcWc in any 
way to the shape of the transducer* used). When the method of Figure 1< i» used, the 

10 " square symbols icprcseirf uamducers which are used to wrrput tow frequency 
oompenems. The circto symbols represent traasduo-jj which output mid-tangc 
camponcnla and the triangle symbols represent trannJucerB which output high 
frequency components. 

When tht method of Figure 15 is used, the triangle symbols represent 

15 transducers which oulpcJ wrnponeolfl of all three frequency ranges, lite eiiclo 
symbols represent transducers which output only mid-range and low frequency 
sifinab and the square symbols represent transducers which output only lew 
rreqxieocie*. 

This aspect of the invention is fully compatible with the arx^'e-deficobed 
20 rhlrtJ aspect since windowing functions can be used, with the calculation taking place 
after die distributors (3403, 3503,3507). When dedicated transCuocra tuc used (bs in 
Figure 1 4), the "hole" in the low frequency window function caused by Itc presence 
of o centre array of high jrcqueecy transducer.-; is not usually dscimcntol to 
performance, especially if tbe hide is su/fic-.tntry small with respect to Oir shortest 
25 wavelengt Us reproduced by the low frequency channsl. 

It is evident from Fig* JC ,D uiat **** transducers arc used for the high 
/reqtieoeicsi than for the low 6 oqueaieioa and that the specing lietwedn adjacent 
unnsduccrs is ccnSianL IIowovcj, the maximum acceptable transducer spacing is n 
rtroctiiM) of wavelength so that to avoid eidc'.obcj ax high frequweie* requires rnoro 
30 tightly pocked (e£ every */2) transdnceia. This makes it expensive in t£rm$ of 



(72) JP 2004-531125 A 2004.10.7 



-31- 

bansducera and drive electronics to cover en area large enough to direct low 
frequencies on the one hand but with tightly spiced transducers to direct high 
frequencies on the other hand. To solve tins problem, an array as shown in Pigcrc 17 
is provided. This array has a higher ".ban aremge density of outpm inmjdcccrj 
5 locsted oear the centre portion. Thus, more cjnsely packed transducers can be used 
to output the high firequencieji without increasing the extent of the array and thus tlte 
dirrctivily of the beam. The large bw fr-uuency area is covered by lew closely 
packed trarwrhseers whereas rhc cenral high frequency area fwts a more tightly packed 
area, optimising cost end pcrfunnance at all fretrucrxics. Is Figure 1 7, the squires 
1 0 merely show the presence of o transducer and not Itc shape or the type of signal 
output, as in figure 16. 

Fifth Aspect of the Invention 

15 Figure M shows a transducer having a length L longer then its widJi \Y. Tlus 

transducer can advantageously be used in ttn array of liie transducers « shown in 
Figure 19. Here, the transducers 3701 ere positioned next to one another in a line 
such thai the line extends in die perpendicular direction to the longest side of each 
transducer. This ammgwncnl provides u sound fieW which enn bo directed well in. 

20 the horizontal plane and which, thanks to the elongated shape of each transducer; bas 
most of its energy i» Uk horizontal plane. There is very litlfc sound energy directed 
to other planeo rcsuHine in good efficiency of opnation. Thus, the fifth upee? 
provides e I -dimensional array mads of elongated transducers which gives tight 
directivity in one direction (thanks to the elongated shnpo) and controllahlo 

25 dircctiviry in the other (ihenks to the army nature). The aspect raUo of each 

transducer is preferabiy at least 2(1, more preJcrably 3:1 and more preferably atSl 
5:1. The elongate nature of each transducer causes the effect of sound being 
concentrated in a piano whereas iht array of transducers in a line civce good 
directivity within the plane. This array may be used as Iho array in any of the othox 

30 aspects of die invention. 
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Siilh A^pact cf dig JrAjgrraon 

The sixth aspect uf :Jio invention relates to the use of a DPAA system to 
create a surround sound or stereo effect using only a singls sound emitting apozratna 

5 similar to the spjriratus described above. Particularly, the si *Jh ospcvt of the 
invention relates to directing different channels of sonnd in different directions aa 
that the sovedweves impinge on o reflective or resonant surface and are re- 
transmitted thereby. 

This sixth csjwct of the invention addresses the problem that whew the 

10' DPAA is operated outdoors (ox any other place havirg substantially aneefcoic 
conditions) ao observer needs to move close to those regions in which sound has- 
been focussed in order to easily perceive the separate sound fields. It is otherwise 
difficult for the observer to locate the separate sound fields which have been created. 
If An acoustic reflecting surface, or alternatively an acoustically resonant body 

1 5 which re-radiates absorbed incident sound energy, is piaccd in the path of a sound 
beam, it re-rudiatea me Round, and so effectively becomes a new sound so area, 
tcmoto from the DPAA, and local cd at a region dciermiocd by the fbcussbg used (if 
any). If a plane reflector is used then the reflected sound is predominantly directed in 
a specific direction: if a di flu* e refteetor is present then tho sound is re-radiated more 

20 or less in all directions away torn tbe re fleeter on the same side of the reflector as 
the sound is incident from tbe DPAA. Thus, if a number of distinci fiouud signals 
representative of distinct input signals are directed towards distinct regions by the 
DPAA in the manner described, and within each region is placed such a reflector or 
resonaler so as to redirect the sound ixom each region, then a true multiple separated - 

25 source sound radiator system may be constructed using a sing!c DPAA of the design 
described herein. 

Figure 20 illustrates the Use of a single DPAA and nioitip ie TcffciJins ur 
reraruuing surfaces (2102) in present multiple snnrces to listeners (2103). As it doci 
notTcfy on psychoaconstic cues, the surround sound effect is audible throughout the 
30 listening area. 
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Tbe so'-iad beams cay 02 rjifocusscd, ra described above with reference to 
Figures 7 A a? 7D, ar focussed, as described above with reference to Figure 7C. Tbe 
focus poihion ess be chosen to be either in fronl of, et, or behind ihe respective 
rcfle unr/rcsonaior to achieve ths desired effect- Figure 21 schematically shows the 
5 c fleet achieved when, a sound beam is focusscd in front o r and bebiud a reflector 
respectively. The DPAA (3301) is operable tc direct sound towards the reflectors 
(3302 Sl 3303) set up m a room (J20i). 

hi the cwv when a sound beam is focussed in fivut of a reflector (3302) ai a 
point Fl (Sec Figure 21), tin: beam narrows at tbe focus point and spreads out 

10 " Vhcresf.ec. The beam ccmtimias to spread after reflection from reflector and a listener 
ax petition PI will hear the sound. Dec to the reflection, the user will perceive the 
sound as emanating from the ghost focal point FT. Thus the listener at Fl will 
perceive the sound as emanating from outaide Che room (3304). Further, the beam 
obtained is quite broad so that a large proportion of Listeners in the bottom half of die 

15 room (3304) will boa: the sound 

In the cose when a sound be.cn is focussed behind a reflector (3303) at a poiot 
F2 (See Figure 2 1 ), the beam is reflected before it has fully narrow! to tbe focus 
point. After reflection, the beam spreads out end a listener at position P2 will bo able 
hear the sound. Due to the reflection, tbe user will perceive the sound as emanating 

20 from the reflected focal point F2' in front of the reflector. Tints the listener at PI will 
perceive the aound as anannting from close by. Furl her. the beam obtained is inute 
narrow so that if is possible to direct sound tc a smaller proportion of the listener* in 
the room. Thus, it can be advantageous .tor the above reasons to focus the beams at 
positions other than thoreflectm/resonalor. 

25 Where the DPAA is operated ia Che manner previously described with 

multiple separated beams - ie. with sound signals representative of distinct input 
signal* directed io distinct and separated regions - in uoo-anechoic conditions (such . 
as in a normal room cnv-lronrncnl) wherein there are multiple hard and'or 
predominantly sound refixtins boundary surfaces, Mid in particular where those 

30 regions are directed at one or more of the reflecting boundary suriacca, then using 
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oaJy bis normal directional sound perceptions en observer is easily able to perceive 
t)ic separate sound fields, and. simultaneously locate each of them in space at their 
respective separate focal regions (if there is one), due to the reflected sounds (Owe 
ihe botmdzhes) reaching I he- observer from those reports. 

5 1; is in^purtlnl tu emphasise that in scxh a. ease \hc observer pcrccrwm raaJ 

separated sound field.* which in no way rely on the DPaA introducing artificial 
psycho-acoustic elements into lbs sound signals. Thus, the position of the observe/ is 
rcjaiiveiy ucimponcnt for inx sound location, so long as he is su ludeoHy far from 
the ntar-SeU radiation of Ok DPAA. In this meaner. multi-channel "surround- 

1 0 " sound" can be achieved with only one physical loudspeaker (the DPA A), mating use 
of the natural boundaries found in most jeal ci)VifonnjentS. 

Where similar effects arc to be produced in an environment belong 
appropriate natural rejecting boundaries, similar separated mufti-source sound fields 
can be icbievcti by the suitable placement uf nrrificid reflecting or resonating 

1 5 surfrces where it is desired that a round source should seem to originate, and then 
directing beams at those surface*. Tor example, :a a large concert hall cu outside 
environment opticaKy-trttasparent plastic or glass panels could be placed and used as 
sound reflectors with little visual impact. Where wide dispersion of the sound from 
those regions is desired, a sound scattering reflector or broadband resonator could be 

20 introduced instead (tos would be more difficult but no: enpo ssibfe to make optica lly 
transparent). 

A spherical reflector can be used to achieve diffuse reflection over a wide 
angle. To further enhance tho diffuse reflection. efTecL the surfaces should have a 
roughness on the scale of the wavelength of sound frequency it is desired to diffuse. 
25 The great advantage of this aspect of the present invention is thai all of the 

above may be achieved with a single DPAA apparatus, the ourput signals for each 
transducer being built up from summations of delayed replicas of input signals. 
Thus, much wiring and apparatus traditionally associated wirti surround sound 
systems it dispensed with. 
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Ssver.th Aspect of d ts Invention 

l^c sevtnTa aspec*. of the invention addresses Uie problem thai a nac* of lie 
DP AA system tray not aiw<ry ■ be easily obi* to locate where sound of a particular 
5 channel is beins directed or focusscd al any particular time. Couver*ely, the use, 
may waul to direct or focus sound at a portisnbr posUon In sp-ce which i«nrires a 
complex calculation « to the correct delays to apply etc This problem is alleviated 
by providing o video catnent means which can be caused to point in a particular 
direction. Means connected to the video camera can then be used to calsu^te which 
10 ' direction the earner u n pcintins in and adjust ths delays aeeorcUngly. 

Advantageously, the f amera is under the direct control of the operator (for example 
on a tripod or using a joystick) and the DPAA controller is arranged to causa sound 
channel directing to occur wherever the operator causes the camera to point This 
provides a very easy to set up system which dues not rory on creeling rtialhemeticai 
15 models of the room or other complex calculations. 

Advantageously, means may he provided to detect where in the room the 
camera is. focusscd. 'Ihen. the sound beams can be focused on the same spot- This 
makes selling up a system very simple since markers can be placed in a room where 
sou art IS desired t» be focusscd and men a camera lens can be focusscd oo these 
2D msrVcrs by an operator looking at a television monitor. The system cao then 

automatically «.* up the software to calculate Ihe coneci delays for focussiug sound 
to thai spot Alternatively . reference point* in 'he room can be identi3ed to select 
sound focussing. For example, a simple model of the room can be prc-r^ogramoiod 
so Ibat an operator cm select objects in the fteid of view of the camera so determine 
25 the focussing distance. In both the case when the camera focus distance is cscd iiud 
when it room model is used, it is advantageoitF to employ a coordinate transform 
from camera (pJin, tilt, diitnnco) or mora (x,y,z) to speaker (rotation, elevation, 
dittanee), whore the two cooruroaie systems have different origins. 

In the reverse mode of operation, the camera may be steered antomatieaUy by 
30 the DPAA electronics *»cb that it pools toward the direction in which a beam is 
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currerjly bciiw steered, with en automatic focussing oa the point where sound 
focussing ccairi, if sr. aE. This provides a gnat deal of useful sci-up feedback 
iufoimalion -jo the operator. 

Means to select which chancel settings are controlled by the camera position 
5 should alsu be provided end these may all be controlled from the handset 

figure 22 illustrates in ride view tba rise of o video camera (3602) poaftirexed 
on a DPAA (36G1) to point at the same point in which sound ii focusscd The camera 
cud he steerable using a servo motor (3603). Alternatively, (be camera tan he 
mounted on a separate tripod or be hand held or be part of en extant CCTV system. 
10 ' For CCTV applications, where & plurality of cameras are used to cover an 

area, a single snay can be used to direct sound to any position in (he area which ot ic 
of the camttfto is pointing ol Thus, an operator can diroct sound (such as voice 
coram an ds or instructions) to a specific point in the area/room by selecting a cm era 
pointing at that point and speaking into a microphone. 

IS 

Ember. Prsfrafrte Fsyfrra 

There may be provided means to adjust the radiation patterc and focussing 
points of signab related to each input, in response to the value of the programme 
20 digital signals at those inputs ■ such an approach may be used to exaggerate stereo 
signals and surround-sound cITccis, by moving the focussing point of uiosc signals 
momentarily outward fr when there is a loud sound to be reproduced fiom thai input 
only. Thus, the Peering can he achieved in accordance with Uj= actual input signal 
itsctf 

25 In gecerol, when the focus points aro moved, it is Dcc.essar>' to change the 

delays applied to each replica which involves duplicating or skipping samples as 
appropriate. This M proforably done gradually so aa to avoid any eudible clicks 
which may occur if a large number of samples arc skipped at once for «.eni?Ie. 

Practical appHcaiions of this invention's technology include Che following: 

30 fw iwme entenaaigneot rha ability to project multiple real sources of sound 
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to different positions in a lisrcaios roam aEows the reproduction of muiti -channel 
surround sound without the clutter, complexity and wiring problems of muriplc 
separated wired loudspeakers; 

fcr public address and concert sound systems, the Ability to tailor the 
5 mdfeiion pattern of the DPAA in three dimensions, and with multiple rinwrtanecrus 
beams allows: 

much taster set-up as the physical orientstkm of the DPAA is not very critical 
and need tiot be repeatedly adjusted; 

smaller luiidspcakcr inventory as one type of speaker {a OFAA) can achieve e 
10 " wide variety of nsdi arion patterns which would typically each require dedicated 
speakers \vjih appropriate horns; 

batter intaihgftnUry, as it is possible id reduce the sound energy reaching 
reflecting surfaces, hence reducing dominant echoes, simply by "iic adjustment of 
filter and delay Coefficients, and 
15 better control of unwanted acoustic feedback as the DPAA radiation pauem 

can be designed to reduce the energy reaching live microphones connected to the 
DPAA input; 

for crowd-control and miliiary activities, the ability to generate a very intense 
sound field in a distant region, which field is easily and quickly reposiiioaable, by 

20 focussing and steering of the DPAA beams (without haying physically to move balky 
loudspeakers find'or boms) and which is easily directed onto the target by means of 
tracking light sources, and provides a powerful acoustic weapon which is nonetheless 
non-invasive; if a large array is used, or a group of coordinated separate DPAA 
panel* possibly widely spaced, then the sound field can be made much more intense 

25 in the focal region I ban naar the DPAA SKTs (even et the lower end of the Audio 
Band if the overall array dimensions are sufficiently large). 

Any of the previously described aspects owy b* combined together in a 
practical device to provide ibc&tarcd advantages. 



30 
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ft-ftrrrt Safeafengd sLtetSte tesssi of Bis lmg"tiw 

-men: bow feclowt a description of a preferred embodiment of the £nl aspect 
of the present invcalioa, which, as win become apparent, utilises else Ibc technics 
5 of ihc other above-described aspects. 

Referring to Figure 23. o digital sound projector 10 coarciises an array ef 
ixnasduccra ox loudspeakers II thai is controlled such that audio rapci agnak *rz 
trained as a beam of «ound 12-1, 1 2-2 that can be directed into an - within Stuns - 
arbitrary direction within the half-space in front of the array. By making cse of 
10 ' carefully chosen reflection paths, a listener 13 wj U pcrwive a sound beam emitted by 
the array as if originating from the location of hs last reflection. 

In Figure 23 . two sound beams 12-1 and 1 2-2 ore shown. The first beam 12-1 
is directed onto a edewafl Ibl that may bo part of a room and reflected directly onto 
the listener i i. The Keener perceives this beam as originating from reflecucn apot 
15 17, thus from the right The second beam 1 2-2, indicated by dashed lines, undcrgna 
rwo reflections before reaching the listener 13. However, as Ihc last rejection 
happens in a rear comer, the listener will perceivo the soand as if emitted Son a 
source behind him ar her. 

Whilst there are many uses to which a digital sound projector could be put, it 
20 is particularly advantageous in replacing conventional surround-sound systems 
employing «vcra] separate loudspeakers placed at different locations around a 
listener's position. The digital sound projector, by generating beams for each channel 
of the «irround-sonud audio signal, and slecring tho beams into the appropriate 
directions, creaks a rmc surrmrad-sound at the listener position without further 
25 loudspeakers or additional wiring. 

In Figure* 24 to 26, there are shown components of a digital sound projector 
system in form of block diagran*.' At the input, co^on rorrnat audio source 
material in Pub* Coda Modulates form i* received from devices such a 9 

compact disks (CD*), digital vidoo disks (DVDs) etc. by die digital sound projector 
30 as either an optical or coaxial digital data stream m tho S/PDIF format. But other 
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inpui digital data formats cm be also used. This umcl da» may certain cither a 
simple twa chancel stereo pair, or a compressed and eacoded nmlti-cbescd 
wnsKltrack such as Doiby Digteu" 1 *.! or DTS*. or multiple discrete digital channels 
of eucfio infoniwtion. 

5 Encoded anrfAjr ccmpressod muiii-chonael inputs arc fast decoded and/or 

rtecoxrjreassd in a decoder using the device* and licensed Emm-are available for 
standard audio and video formal*. An analogue to digital converter (nor shown) is 
also incorporated to allow connection (AUX) to analogue input sources vhkh are 
unmcdistcly comerlod to a suitably sampled digital formal. The resultant output 

10 comprise* typiea'Jy Vhrec, four 01 more pairs of channel*. In the field of surround- 
sound, these channels arc often referred to left, right, centre, surround (rear) iefl and 
Burrocnd (rear) right channels. Other channel n:ay be present m the signal such as the 
low frequency effect channel (IJTR). 

Those channels or channel-pah* ere each fed into a two-channel sample -rate- 

1 5 oonvertcr {SRC} (oltcmativcly each chnnnol can be passed through a single channel 
SRC) for TT-synchroros&unn and rc-sampling to an internal (or optionally, external) 
standard sample rate clock (SSC1 (iypically about Ag.miz or 97.6KHa) end bil- 
tmgth (typically 24 bit), ftHowir.g the interna; system cJock* to be independent of the 
source <kuvc lock. This sample rate conversion eliminates problems due to clack 

20 spe^ inaccuracy, ciock drift, and dock incompadbility . Specifically, if 0* final 
power-octpul stage* of the digital sound projector are to be digital polse-width- 
modularion [PWM| switched types for high ctYtdency. h is desirable to have a 
complete synchrorjisatiort between the PWM-dock and the digilal data-clock leading 
the FWM modulatois. The SRCs provide this synchro ration, as well oa Isolation 

25 Com the vagaries of any external data clocks. 

Finally, where two or more of the digital input channel* have duTcront detft- 
el'ockff (perhaps because they come from separate digital microphone aystcms eg.), 
dicn again the SRCa ensure that internally all disparate signals are syrichronised. 
The outputs of the SRCs are converted to 8 channels of24fait words ai on 

30 internally generated *anpU> rato of^a.BKHa. 
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Oo5 or more (typically two or tlute) distil signal proocssut [DSP} emits em 
used to process the data. These may be e.g. Texas I/utrjrnenta TMS320C6701 DSPs 
running at 1 33MH*, and rfco DSPs either perform the mjjority of cafcalsu'cns in 
Qoating-poinl format fur ease of coding, or io fixed-pool formal tor maximum 

5 processing spccii Alternatively, especially ~bcre cwd-point calculations ere being 
performed, the digiul signal proceirsinc can bs carried out in one or more FteM 
Programmable Gats Array (FPGA) units. A further alternative b n niixitiro of DSPs 
and FPGAs. Sonic or all of the signal processing may altemarivdy be implemented 
with cuennused silicon in the form of an Application Specific latograred Circuit 

10 "(ASIC). 

A DSP Stage perform* filtering of the digital audio data input signals for 
enhanced frequency response equalisation to compensate for the irregularities in the 
frequency response (i.e. transfer function) of the aconstic output-transducers used in 
the find stage of -be digital sound projector. 

1 5 The number of soparareJy processed channals day optionally, at this stage 

(preferably) or posafoly « an earlier or later stage of processing, be reduced by 
combining oddifivcty the (one or mors) low-ax>quency-effects [LFE] catuael with 
one or more of the othor channels, for example the centre channel, in order to 
minimise the processing iHryond this wage. However, if a separate sub-woo far is In 

20 be used with the system or if processing power is not an issue, then the more discrete 
channels may be maintained throughout the processing chain. 

The DSP stage also performs anti-alias and lone control filtering on all eight 
channels, and ■ eight-times over-sampling and mterpu.'ulion to an overall eight-times 
oxTrsampled data tale, creating 8 chcnneAs of 24-bit word output samples at 390 

25 KHz. Signal limiting and digital vorn roe -control is performer? in this DSP too. 

An ARM ciiCTOprocessoi generates timing delay data for each and every 
transducer, from reaj-time beam-steering terrings sent by the *mct lo the digital sound 
projector via mowed remote control. Giver thai ibe digiul so end projector is able to 
iodependrritry slccr each of the oulpol channels (one steered output channel for esct 

30 input channel, typically 4 to 6), Chore are a large number of separate delay 
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coarpwtatioas to be performed; this number is oqual to the number ofcrj^il channels 
limes the rancher of transducers. As tic digital sound projector is also able to 
dynauucaJly steer eccb beam b red -lime, lb an Ihc compeiations also need to be 
performed quickly. Once computed, the delay recrements are distribcted to the 
5 TV OAs (where the delays arc actually applied to each of the steams of digital data 
samples) over the same parallel bus as ihe digital data samples themselves. 

Tfcp ARM corv alio haadlaa all system initialisation and external 
communications. 

The signal stream enters XLinx fieid programmable gnte array logic that 

1 0 • control high-speed static buifci RAM devices to produce C« required delays applied 
to the digital audio data samples of each of the eight chanxwls, with a di.«cretcry 
delayed version of each channel being produced for each xid every one of the output 
transducers (256 in Ihis iruplementarion). 

Apodisalion. or array apertee wmdowms(i.e, graded weighting factors arc 

15 applied to the si&iiAs for each transducer, as a function of each u wwduccr's distance 
from the centre of t!« array, to cor.troi beam sbape) is appUed separately in the 
FFOA to each chime el' a delayed «gnal versions. Applying apodisation hero allows 
different output sound beams lo have differently tailored beam-shapes, these 
sspjmtidy delayed rad separately udntlo wed digital sample streams. or.o fox each of S 

20 channels and for each of 2 56 transducers making 8 X 256 « 20*8 delayed versions in 
total, are ihec summed in the FPGA for each transducer lo create an individual 
390Uii 24-bit signal for each of the 256 transducer elements. The apodisalion or 
array aperture windowing, may optionally be performed after the summing stage for 
ail of the channels at once (iiwte&d of for «xh channel separately, prior to the 

25 summing stage) for simplicity, but in this case each sound beam output torn the 
digital sound projector will have the same window function which may noc be 
optimal. 

The two hundred and fifty-sbc signals at 24-bit and 390kHz axe than each 
passed through a qu aitizing/nojse shaping circuit also in the FPGA to reduce the data 
30 sample word lengths to S bits at 39UiHz, whiist maintaining a high signal-to-noise- 
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ratio [SHR] wi±m «he audible- bind (i-C- <h* Signal frequency bend from -20H7. to 

A useful implciiicntfllicm practice is to nuke the SSC be nn exact rational 
number friction of the DSP taasiar-pToci*siBg<lock speed. eg. lOOMHr /256 - 
5 390,625 Hz which I dcIes sample dala rote3 tbruufjbout the system to Uie proceFsmg 
clock?. It is advajilageoua to make the digital PWM timing clock frequency also ta 
exact rational cumber fraction of the DSP iruste-proceisir^-clock speed. II is 
specifically advantageous to make the PWM clock frequency as exact integer 
multiple of Lhc internal digital a'.idio sample data rale, e.g. 512 times the sample rate 
10 far 9-bit PWM (because 2* -» 5 1 2). The reduction of the di gttal data word-length to 
8, while simultaneously i.Tcr«i*j.mg the samp to- rate is useful for weva-al reasons: 

i) The increased sample-rate afianvs finer resolution of data-wuid delays; e.g. 
sMSKHz daia-rale, the cmallcst delay increment available is I sample period, 

15 or -21 microseconds, wherous at 1 95 KHz data-rales, the smallest delay 

mc/cmcot available is (1 sample period) -3.1 microseconds. It w important to 
have sound-path- lsngth compensation resolution (- time -delay resolution 
times speed- of-snund) fine compared to acoustic output-transducer diameter. 
In 21 microseconds sound in air at NTT travels approximate! y 7:nm. which is 

20 loo coarse a resolution when using transducers as small as I Omm diometer, 

n) It is easier io »xmvert PCM data directly to digital PWM at practical c!ock- 
«pecds when the word-length is small; e-g. 1 6-bit words at 4SKHv data-rate 
reqirire a PWM clock speed of 65536 x 48KHz -3.1 SCHz (largel/ 
25 impractical), Mtvciras g-bit words al l95KHz data-rat; require a PWM clock 

speed of 25* x 390 KH2 ~ i OOMIlz (quite practical); and 

iii) because of the increased sample rote, there is an increased available signal 
bandwidth at half the sample rate, so eg. available signal bandwidth ~4<jJCJ1z 
30 for a sample rate of —195K-H2; the quantization process (reduction in number 
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of tils) eCecuveJy adds quanrirarion noise to the digital data; by specially 
shaping the w>is5 produced by the quantizatioa process, it can be 
predominantly moved to 'Jw frequencies above the baseband signal (i.e. in our 
case above ~20KHi), in lbs i eg ion hcx^vou the tcp of the baseband 
5 (oTSJKHt and < available signal band width - 96RHi); the effect is thai 

nearly all of the original sigoal information is now carried in a digital data 
stream "with very iutlc loss in SKR. 

The data stream with reduced sample word width is distributed in 26 serial 

1 U ' data streams at 3 1 .25 MV* each and additional volume data. Each data stream is 
assign od to one of 26 driver boards. 

The driver circuit boards, as shown in Figure 25, which arc preferably 
physically local to the transducers they drive, provide a pulse-widuVniodobitcd class- 
BD ompw. driver circuit for each of\ho transducers they control. In die present 

J 5 example, each driver bounds is connecreil to tco trausdnccra. whereby the transducers 
arc directly connected to the output of the rtass-BD output driver circuits without im> 
intervening low-pass-filter (LPI J >- 

Koch PWM ganerai or drives a ctass-D power switch or output stage which 
directly drives cue transducer, or a scrics-or-paiollel-connecied pair of adjacent 

20 transducers. The sunpry vonaga to the class-D power switches can bo digitally 
adjusted lo contiol !h© oulput power level to the transducers. By contruUiog this 
supply voltage over a wide range, eg. 1 0: 1 . the power to the transducer can be 
controlled over a much wider range, 100:1 Cor a 10: 1 voltage range, or m general 
W:] for an N:1 voltage range. Thus wide-ranging level control (or "volume" control) 

25 can be achieved with no reduction in digital word length, so no degradation of (he 
signal due to further quantization (or loss of resolution) occurs. The supply voyage 
variation is performed by low -loss* swilfjhin£ regulators mounted on the same printed 
circuit boards (PCBs) as the class-D power switches. There is one switching, 
regulator for eBch class-D switch to minians* power supply tine icier-modulation. To 

30 reduce cost, each switching regulator can be ueed to supply pairs, tripjets, quads or 



(85) 



JP 2004-531125 A 2004.10.7 



-44- 



otbcr integer multiples of cUts-D power switches. 

The class-D power switches 01 output stages, directly drive the icousuc 
. output transducers. In normal class-D power amplifier drives, i.e. the very commorJy 
□serf so-called "clzss-AD" amplifiers, it is ooccisary 10 place an electrons Inw-pass- 
5 fitter [LPF] (mvariabiy, an analogue electronic LPF) between fcs class-D power 
stage and die transdncsr. This is because the common forms of magnetic transducer 
(and ovon more so, piezoelectric transducers) present a low luEd-impedaDce to tbe 
high-frequency PWM carrier frequencies present at high energy b daa-AD 
arnprUler output* E.5. a class- AD wnpofiec with zero baseband input signal 
10 continues w produce ai its output, a full ranphtude (uwaUy bipolar) 1:1 roark-space- 
rado [MSRJ output signal at the PWM switching frequency (in the present case this 
would be at -50 or 1 00MHz), which if connected across a nominal 8 Ohm load 
would dissipate full available power in -l»t load, whilst creaiing no uscuii acoustic 
output signal. The commonly used deetronic LPF has a cat off frequency above the 
1 5 highest wanted aignal output frequency te g > 20KHz) but well below the PWM 
svrifcbing frequency ( e.g. -SOMH2). Cms effectively blocking the PWM earner and 
mirarniamg the waslod power Such LPFs have to transmit the full signal power to 
Uj* electrical loads (eg. the acoustic transducers) with as low power-loss aspoasible; 
usualiy these LPFs use a minimum of two power- inductors o«d two, or more usually, 
20 three enpswitors; the JJFa are bulky end relatively e* pensive to build. 1c single- 

channel (or firw-chaanel) amplifiers, such LPFs can be tolerated on cost grounds, and 
most importantly, in PWM amplifiers housed separately from their loads (fcg. 
conventional loudspeakers) which need to be connected by potentially long loads to 
their loads, such LPFs are in any case necessary to quite different reasons, viz. to 
25 prevent the mgh- frequency PWM carrier getting into the connecting leads where it 
will moat likely cause unwanted stray elcctrwnagoetic nidiation fEMn of rulaiiveiy 
h/gti amplitude. 

In the digital s'ouad projector, the acoustic transducers arc connected directly 
to lite physically adjacent PWM power switches by short leads and all are housed 
within the same enclosure, eliminating the problems of EMl- In tlie digital sound 
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projector, the PWM generators arc of a type known as class-BD; thf-sc produce cUss- 
BD PWM iig^nla which drive the output power switches and these in torn drive the 
acoustic ouipm transducers. Cbss-HD PWM output sisnals have Ihe property thai 
they retnra to «ro herween Ihe full amplitude bipolar pulse outputs, and thus are 
oistMc. not bisute like class- AD signals. Tfcaa, when the diptal input signal to a 
cI*ss-BD PWM syrxm is zero. Iheo the dess-BD power output state a rem. end rial 
a fldl-pcrtv-cr bipolar 1 : 1 MSR signal *a is prodnced by cUss-AD PWM. Tens the 
clnss-BD PWM power switch delivers aero power to the load (the acoustic 
traoaroccr) in this state: no I J>F is required as there is no full-power PWM carrier 
" signal to block. Thus in the digital sotmd projector, hy using an array of dass-BD 
PWM amplifiers «u drive directly as utte^a', array of transducers, a great saving in 
cost, and lost power, is achieved, by eliminating the need for an array of pewer LPTs. 
Qass-BD is tardy used ia a>nvcntionid «>dto arapliSers, firstly because it is more 
difficult to mate a very high linearity class-BD amplifier, than a similarly linear 
class-AP amplifier, and secondly beeeose for the reasons stated above cn LPF is 
generally required tmyway. for EMI cmisideralioos, tlniB negatics die principal 
benefits of claas-BD. 

The acoustic output transducers theroserveti arc very effective- efccuoacousuo 
LPTs and so an absolute minimum of PWM carrier from the class-BD PWM stages is 
emitted as acoustic energy. 'Hius in die digital sound projector digital array 
loudspeaker, the combination of class-BD PWM with direct coupling to in-lhu-saine- 
box acouric tauwdocers and without electronic LPFs, is a very effective tad cost 
eirective solution to hich-eflicieocy. ruEh-power, multiple transducer driving. 
Furthermore, since the sound of arty one (or more) output channels corresponding to 
i one of the input channels, heard by a listener to the digital sound projector, ia a 

summation of sounds from each and every one of the acuusuc output traieducws und 
thes related to p summation of the outputs from eecb of the power-«nrpBfier stages 
driving those transducers, non-sys-xmetic mors to the ©uiptte of the power switches 
and transducers will tend 10 average to rcro and be mirumally audible. Tbdfi an 
) advaalagc of the arj-ay loudspeaker oors tructcd as described is that it ia moro 
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fargjving of the quality of indh idntl ooropoacnta, than in a ccervcrmonai non-erray 
audio ^yttsm. 

tn a particular impleracttfltion of the digual sound projector with 254 
acoustic output caosduccrt arranged in triangular array of roughly rectangular 

5 with one axis of the array vertical (and of eatenl 7 vtalical columns of 20 

transducers each soparelcd by 6 column of 1 9 muisdocco) aid with every sccood 
output transducer in each vertical column of transducers connected electrically in 
series or id parafcel with the tratrsduccr imracdiaicty below il. this resul* id one 
hundred and thirty wo (132) different versions or each of the channels, the number 

1 0 * or channels being five in (hi* cxample.ix.. six hundred and sixty channtds in total. A 
transducer diameter smell enough to ensure approximately mumrarecliooal radiation 
from the transducer up lo higli audio frequencies (eg. > 1 2KH2 lo » 5KH*) is 
important if the digital aormd prc-jcctr.r is to be able to steer beams of sound at small 
angles from the plane or the transducer array. Thus a transdttua diameter, of between 

1 5 5mm and 30mm is optimum for whole audio-band coverage. A transducer -to- 

Lracsducer spacing snudl cccnparcd with the snorted wavelengths of sound to emitted 
by the digital *otu>J projector is desirable to mmiinipe the generation of "spurious* 
sidelohes of acoustic radiation (i.e. beams of acoustic energy produced ir.advef.entt>- 
and not cmincd in the desired direen"cn(a)). Practical cc^ideratkms on possible 

20 transducer size dictate that irausducer spicing in the range 5inm to 45mm is best. A 
triangular array layout is also best for higb-arcal-pacimg density of transducers in 
the array. 

As illustrated by Figure 26, the digital sound projatocusei-inlejfaco 
produces overlay graphics for on-screen display of setup, status and control 

25 mformatico, on any suitably connected video display, c.g. a plasma screen. To Oris 
end the video signal from any connected audio- visual source <e.s. a DVD player) 
niay be looped through the diaiud sound projector on route to tho display screen 
where tie digital sound projector status and command information is then also 
overlayod oo the programme vjdoo. If U" process delay of the signal processing 

30 operations from cud to end of the digital sound projector are sufficiently long, (eg. 
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when ±a length of Che compensation ffiLer running on Uxe fiwi two DSPs which, 
(jepcraii on the transducer linearity and the equalisation required, is l«ng) then id 
avoid lip-sync probJcos, na optional video frame stoic cm be ricoipnratol in the 
loop-through vide© path, to re-synchronise the displayed video with the output 
5 toimd. 
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1. A rnetliod of creating *■ sound, field oamprwins 3 plurality of channels 
of sound using an may of nutpul trcrsadu&efB, said method comprising; 

5 for each chanceJ. selecting a first delay v-tluo in respect of each oirtmr. 

transducer, mid firrt dolay value being chosen in accordance with the position in the 
array of the respective transducer; 

selecting a second delay value for each channel, said second delay value 
being chosen in accordance with !fce expected JravoUing distance of sound waves of 
10 ' thai channel from said array to o listener, 

obiajnin^ in respect of each output transducer, a delayed replica cf a tifinal 
reprcscotiQg each channel, each delayed replica "being delayed by a value having a 
first component comprising said first debiy vaine and t second component 
comprising said second delay value. 

15 

2. A method according to claim 1 cx 7, wherein said second delay is 
applied la each signal representing said channel before 'aid signal is replicated; each 
replica then being delayed by the respective Crst delay value. 

20 3. A method according to claim 1 or 2. wherein said first d*lay vahao ia 

also chosen in accordance with a given direction so that each channel of sound is 
directed in respective direction. 

4. A method according to claim 3, wherein each channel is directed in a 
25 dtf5ere« respective direction. 

5. A jnctliod according to any one of the preceding claims, whereio said 
second delay value is chosen such that corresponding parts of all sound channels 
reach the listener at substantially tbe same time. 



30 
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6. Apparatus fur crcaunj a sound field comprising: 

a plurality of inputs for a plurality of respective signals represent irg different 
«ound channels; 

on may of output transducers: 
5 replication .uean* arranged lo obtain, in respect of each output transducer, a 

replica of coco respective- input signal; 

fin* delay racens srrayed to delay each rsplica of each signal by a respective 
first dday vahic chosen in accordance with the poairian in chc crray of the respective 
outrnjl transduwr, 

10 ' second delay means arranged to Celay each replica of each signal by a second 

dday vcloe chosen for each channel in accordance with the expected travelling 
distance of sound waves of that channel from the array to a listener. 

7. Apparatus according in claim 6. wherein said second delay means is 
1 5 arranged to delay said input signals before they are replicated by said repli cation 

means. 

8. Apparatus according to claim 6 or 1, therein said first delay value ia 
abo chostin is accordance with « given direction 30 that each channel of sound ia 

20 direcxed in said respective direction. 

9. Apppjarus according lo claim 8, wherein each channel is directed in a 
diftorcnt direction. 

25 10. Appcrottw according to bo* on© of claims 6 to 9, wherein said second 

delay meats is ar ran g ed to choose said second dejay for each channel such that all 
round channels reach o lir.cn ca at Bubstantially the seme true. 

II. A method ofcreoticg a sound field comprising a centre channel and at 
20 least one surround sound channel using an array of otitpui transducers to direct the at 
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least oue sunouod Round channel in a pi odelcnnineo direction. f aid metfJod 
comprising: 

lea the at 'ca» one sunoend sound channel, wheeling a fire delay vahie in 
resped c Teach output transducer, said first delay values bebjj chosen in rjccrdarxe 
5 with the position b the nrray of the respective tntfsdnr.er so as to direct tbe chancel 
in find piedeierroinrd direct km: 

selecting o socond delay value- for tbe centre chasuiel, said t ecocd delay value 
being chosen in accordance with the expected Unveiling distance of sound waved of 
the channels ftcta tbe array to the listener: 
10" ob taining, in respect of each output transducer, a delayed replica of a signal 

representing ihc at least one surround sound channel, each delayed replies being 
delayed by the first delay value calculated for thai output transducer and that channel; 

obtaining in respect of each output transducer, o dafcryed replica of a signal 
representing the centre channel, each delayed replica bexng delayed by said second 
iS delay value; 

outputting said delayed Teplicaa using said array of output transducers. 

12. A method according to claim 1 1, further cotnprising: 

for the centre channel, selecting a first delay value in reaped of each output 
20 transducer, said first delay values bcioa chosen in accordance with the position in in© 
array of the respective transducer so as to direct The centre channel in a 
predetermined direction; 

and wherein said rtep of obtaining, in respeel of each output transducer, a 
delayed reph'ca of a. signal representing the centre channel further comprises: 
25 delaying each replica of the signal representing said centre channel by the 

first delay value calculated for tbe respective output transducer and the centre 
channel. 

13. A method according to claim 1 1 , wherein replicas of tbe signal 
30 representing said centre channel arc not delayed by values other then said second 
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detay vsJus. siad second delay values beieg the stme for each replica of foe cjcaJ. 

1 4. A rneibod ac-ccniing to any one claim* II n> 1 y, farther comprisiug: 

far the at least one smTomd sound channel, « electing t second delay vahie in 
5 icspect of each output tinns&icer, so:d second delay value being chosen in 

accordance with ihc expected travelling instance of sound waves of the channel* 
from tho array In the listener; 

and wherein said step of obtaining, in respect of each output transducer, o 
delayed replica of a signal represeniittS the at least one sccround sound channel 
10 * further comprises: 

delaying each replica of the signal representing said al least ime surround 
sound channel by the second delay value calculated for the respective octpnl 
transducer and the zt Icaai one aairrounrt sound channel. 

5 is. a method according to any one of claims It to 14. whereh said 

second delay is applied to each signal representing «aid centre channel before said 
signal is replicated. 

16. A method according 10 any one of claims II to 1 5, wherein said sound 
20 field wmprisw two surround sound channels, each surround sound channel being 

directed in a differonl dixeetjoiv 

17. A method according to any one of claims 11 to 16, wherein said 
second delay value is chosen such the: corresponding parts of all sound channels 

25 reach the 1 istenei at substantial ly the same lime. 

1 8. A method according to any one of claims II to 17, wherein said 
delayed repKcos of die signal representing the ot least one surround sound channel 
are added to respective delayed replica* of the signal representing the centre chaiaVJ; 

30 before being output by ihc respective output transducers. 
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19. A radhod oocordiug to any ouc of claims 11 U» I&, wherein the sound 
s ot said el least one surround .sound channel are bounced off a surface snch as a 
waU befcic reaching the usterjer. 

5 20. Acpararca for creating « sound field torn prising: 

means for r eccving a plurality oT input signals ropresonring at lecst one 
sunound sound c hann el and a centre channel; 
an array of output transducers; 

replication means orras^ to obtain, in respect of each output transducer, a 
10 ■ replica of said signal representing said a! least one surround sound channel and a 
replica of said signal representing a. centre channel; 

first delay mems roTanged to delay each replica of said signal representing 
said at least one surround sound channel by a respective iirsl delay vales chosen in 
accordance with the position in the array of the respective transducer so as to direct 
15 the chnnncl in b redetermined dirodiuu; 

second delay meat* arranged to delay e*ch replica of mid signal representing 
said centre channel by a second delay value chosen in accordance with the expected 
travelling distance of aoiwaJ waves of the channehi from the array to a listener. 

20 21. Apparatus according to claim 20. wherein said fust delay means is 

also arranged to delay each :ephca. of said signal representing 9 aid centre channel by 
a respective first delay value chosen in accordance with the position in *c array of 
Um= respective tnoiaducer so as to direct the ccaoe channel in a predetermined 
direction. 

23 

22. Apparatus according to claim 20 or 21 , wherein said second dolcy 
means ia also arranged to delay each rcplioa of said signal rewescnting said at least 
one surround sound channel by a respective second delay value chow in accordance 
v/ith the expected travelling distance of sound waves of the channels from die array 
30 to the iistener. 
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23. Appnrahs cecordiug to any one of clcinie 20 ie 22, v^aem said 
second delay means is arranged lo delay said input signals before they arc replicated 
by said repJicatioa means. 

5 24. Apparatus according to any one of claims 20 to 23. wterein said 

tound field comprises two surrouT.d sound channels, and said f:ra delay mean* is 
ornmgaJ lo cause each surround sorrxJ ohwmcl lo be directed in a different direction. 

25. Apparatus according to any one of claims 20 to 2«», wherein said 
10 " second delay means is arranged lo choose said second delay for the cha n n els such 

thai all sound channels reach a listener at substantially the same rime. 

26. Apptirotus according to any ono of chums 20 to 25, whercia said first 
delay means and snid second delay means are the same physical means. 

15 

27. A method according to eay one of claims 11 to 19 or an apparatus 
according to any one of claims 20 to 26. wherein said output transducers arc directly 
driven by class-JJD PWM amplifiers. 

20 2S. A method of providing temporal corrcspondcncr between pictures and 

sound in an audio-visual presentation caing an array of output transducers to 
reproduce the sound content comprising ft plurality of channels, said method 
conipnsing: 

delaying, in respect of each output transducer, a replica of each signal 
25 representing a sound channel by a respective nudio delay value; 

delaying a video signal by t video delay value calculated so corresponding 
video pictures aie displayed at substantially the time the temporally corresponding 
sound channels reach the listener. 

30 29. A method according to claim 25, wherein czch audio delay value if 
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caJculated m accordance with the penmen in Jhc array « the respective nsnsducex. 

30. A method according to claim 29, \vherein each audio delay value is 
alio auxulawd in accordance with the expected Levelling distance of sound wavw of 

5 thai crenel from said array to a listener. 

31. A method according to claim 30. wberem each audio delay value b 
calculated such th* tanpondrv cunespoodrng parts of each vcacwi channel ie*cb the 
listener at substantially the same lime. 

10 

31 A method Jtcconting to ary one o f claims 28 to 3 1, whereir said virteo 
delay value is calculated so as to have a component equal to the time talea for the 
sound channel having the greatest distance to travel between said army and said 
listener to travel between void array aid wrid listener . 

15 

33. Apparatus to provide temporal «ra»paodcnco between pictures and a 
plcmlity of sound channel* in an audio-visual presentation cmnposing: 
an array of output transducers; 

replication and delay rooms arranged to obtain, in respect of each output 
20 transducer, a ddayod reprice of each signal representing a sound channel; 

video delay means arranged to delay a corresponding video signal by a video 
delay value calculated so eonesponding video pictures ore displayed nt scbstannaliy 
the lime the temporally corresponding sound channels roach the listener. 

25 34. Apparatus c«OTduuj to claim 33, wherein said replication and delay 

means is arranged so thnt ecch audio delay value is calculated m accordance wilh the 
position in the army of Ihc respective transducer. 

35. Apparatus according to claim 34, wherein said replication and delay 
30 means » ^rranscd eo that cacfc audio delay vakie is aho calculated in accordance 
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with the expected travelling distance of sound wavca of Unit channel from said array 
to a listener. 

3 6. Apparatus according to c laia: 35, wherein said replieat loa and delay 
5 means is anang«l to rhzi each audio delay value ia calculated such thai temporilly 
cnncspcmdiBg pats of each sound chaavA reach the listener at suUtaBtialry Uus com* 
lime 

37. Apparaftis according to claims 33 to 36, wherein said video delay 
10 means is arranged so thm said video delay value is calcuJmed sc as to bo equal tt> lbs 
time lake* for the sound ch/nnel having the greatest distance to travel between said 
array and said listener to travel between Mid artsy mid said tisteacr. 

35. a method of creating • sound field comprising a plurality of channels 
15 of acond using an array of output transducera, said method comprising: 

for each chancel, obtaining, in respect of each output transducer, * replica of* 
signal representing said channel so as to obtain a se# of replica signals for each 
channel; 

applying o first window function ;o a first set of replica signals originating 
20 frooj a fhst sound channel signal: 

applying a second, different, window function to a second act of replica 
signals origraaung from a second sound channel signal. 

39. A method according to claim 38, wherein applying a window function 
25 comprises: 

attenuating or amplifying each replica signal such thai repbea signals destined 
for output transducers near tho centre of the array ore ancnuated less or amplified 
more man replica signals doarined far output transducers near the edges of the array, 
tbo amount of attenuation or amplification being detennincd by said window 
30 ftraction 
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40. A roclbcd according to claini 38 or 39, wherein the window function 
is selected in occurdance with how the respective sound channel is outjml by the 
array. 

5 41. A method according to any on* of claims 38 to 40. wherein the 

window function used is selected in accordance with a rrquir=d beam type fin that 
channel. 

42. A oicliwd according to any one of claims 38 to ^ I, whertia the 
1 0 " window function wed on a shape b llzmb !e as a function of a vohanc eon?ml. 

43. Apparatus to create a sound field comprising a plurality of channels of 
sound, comprising: 

an array of output transducers; 
1 5 replication means for providing, in rcsptct of each output transducer, a replica 

of a signal representing each of said plurality of enamels; 

windowing means for applying a first wjodow function to a first set of replica 
signals orijanating from a first sound channel signal and for applying a second, 
different, window function to a second kcI of replica signals originating from » 
20 second channel signal. 

44. Apparatus according to claim. 43. wherein said windowing mean* h» 
arranged to attaiuatt or amplify each replica signal such that replica signal* destined 
for uuiput transdueeri near tho centre of the array arc attenuated less at amplified 

25 more than replica signals destined for output transducers near toe edges of the array, 
the amount of attenuation or amplification being determined by said window 
function. 

45. Apparatus according to cl aim 43 or 44, wherei n said windowing 
30 meats is provided dircctiv after said replication means. 
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46^ App arena according to any one of claims 43 to 45, wherein said 
u-mdowhg means is arranged to select a window fraction in accordance with t 
req-jiiod beam type for Ousl chxaocl. 

5 47. Apparatus according In any one of c trims 43 tn 46, wherein tha 

window function applied to a ad of replicas or^inatin£ from a signal representing a 
channel is altered in shape in accordance with the volume selected far said channel. 

4g. A method of creating b sound hold using an army of output 
10 " transducers, said method comprising: 

dividing en input signal into at least n low frequency cnmpoaenl end a high 
frequency component; 

using uutp-i transducers spanning a first portion of the array to output said 
low frequency competent; end 
15 using output transducers spanning a second portion of said array si nulla than 

said fi rsf portion to output said high frequency component 

49. A method according to claim 48, wherein said second portion 
comprises a wosatcf said output transducers located near the centre of the array. 

20 

50. A method according to claim 48 or 49, wherein there are 3 or moro 
divided signal frequency components and the portion of the array used for a signal 
component is determined such thai the ratio of Ihe shortest wavelength in said signal 
component tu the portion of array eaed to output said signal component i* 

25 subetonCiaUy cousin at fur all signal components. 

51. A method according to any one of claims 48 to 50, wherein said 
second portion of ihe array used for said high frequency component is not used for 
said low frequency component. 
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52. A method according to any one of claims 48 to 51, wherein said 
second portion or rhc may used fcr said high froquzney component ccmpnscs a 
greater daosity of output transducers than the array as a whole on avera&e. 

5 53. An apparatus arranged to perform the method according to any one of 

claims 48 to 52. 

54. Apparams foi creating a sound field comprising: 

on array of output transducers wherein in a first area of the army the output 
1 0 ' traasdveers are more densely packed than ir. the remainder of said array. 

55. ApparaJ us according In claim 54 , wherein said first area is located 
subsum'JaUy at the centre of the array. 

15 56. Apparatus secordang to claim 54 or 55, wherein the output transducers 

in a aid first area are less powerful than the output transducers til the remainder of the 
array. 

57. Apparatus Accenting lo any one of claims 54 to 5ft, wherein rhe output 
20 transducers in said 5m area arc smaller than the output transducers in (he remainder 

of the array. 

58. Apparatus according lo any otk of claims 54 to 57, further compriaiifg . 
means for routing, a high frequency component of a signal to said first area of the 

25 array, but not to the remainder of the array. 

59. Apparatus accordiog'to any one of claims 54 to 58, further comprising 
meats to route a low frequency components of a signal tu the remainder of the anuy. 



30 60. An array of output transducers positioned next to each other in a line; 
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whercxn each of said ouipui transducers has a dimensioa in Ihc direction 
perpendicular to said line larger than the dimrrtsioo peraild to said lice. 

61. Ad array according **° clabn wherein each output transducer has an 
5 aspect mH> defined as the ratio of ihc dimension (XTpcndiciilui Id {he line to luc 
dimension parallel to the fine end said aspect ratio is at ieast 2:1. 

62- An amy according » clai:n 61 • said aspect ratio is at least 

2:1. 

10 

63. An array according to any one o f claims 60 to 62, wherein said 
arrangement if such that sound is eonccniratsd substantially in a plane corJ Dining 
said line and extending perpendicularly a**ay axnr tlic sound emitting 3ide of said 
transducers. 

LS 

64. A method of causing plural input signals representing rasped ive 
channels to appear co emanate from respective difibrcnl positions in space, said 
method comprising: 

providing n suund reflective or resonant surfGco a*, each of said positions in 

20 spice; 

providing aa array of output transducers distal from said positions in spece: 

and 

directing, using said array of ou tput transducers, sound wavej of each channel 
towards the respective position m apace to cause said sound waves to be n> 
25 transmitted by said reflective or resonant surface, said scau»d wave* being foeuastri « 
a position in space in front of, or behind, said reflective or resonant surface; 
said stop of directing cornpriaiog: 

obtaining, in respect of cacti transducer, a delayed replica of each input signal 
delayed by a respective deby selected o accordance with 'die position in the array of 
30 the respective output transducer and said respective focus position soth that the 
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sound wavoB of the channel ere directed towards the focus podilun in respect of thai 
channel; 

sunning, io respect of each transducer, the ittpecliw ddnyca replica* of 
cod i input signal to produce ao output signal; and 
5 routing the output sgEcls to the i espective itansducsrs. 

65. A method Bccordrcg lo cloini 6*. wherein said step of cbtsimng, in 
respect of each cnjtpfm truudacer, a delayed replica of toe ioptn signal comprises: 

replicating said input signal said predetermined number limes to obtain a 
1 0 " replica signal in respect of each outpuviransd veer, 

delaying each replica of said input tignal by said respective delay selected in 
accordance with the position in the array of the respective output transducer and the 
desired position of focus. 

1 5 66. A rusthod according to churn 64 or chum 65, further comprising: 

calculating, before said delaying step, the respeetrvB delays in n*pect of each 
input signal replica by: 

Uetsrmining the distance between each output transducer end the focus 
position in respect of £bal inpol signal; 
20 deriving respective delay values such that the sound waves from each 

transduce* for a single cbence! arrive at said focus position in. space simultaneously • 

67. A raeJhod according to any one or claim* 64 to 66, wharcrin at least 
one of said cui faces is provided by a wail of a room ox other permanent stroctcre. 

25 

68. An apparatus tot causing plural input signals representing respective 
channels to appear to emanate from respective different positions in space, scid 
apparatus comprising: 

a sound reflective or resonant surface at each of said p^sioona in space; 
30 an array of output transducers distal from said positions in space; and 
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o controller for directing, using said array of ontpot transducers, scund waves 
of each channel lowzrfj thai channel's respective position in space such that said 
wuod weves ere re-lnmsrnilted by laid reflective or resonant surface, said sound 
wave* being fbcussed at a position in space in Ircm of, or behind, said rcilecdvc or 
5 resnoanl snrfece; 

said controller composing: 

replicaritm and delay means craved to obtain, in respect of each transducer, 
a delayed replica of the input sigual delated by « j»pcetive deby ielectad in 
accordance with the position in the array of the respective output trarmdBcer and ihc 
10 ' respective focus position such (hat the eound wa>cs of the channel arc directed 
towards the focus position in respect of that input signal; 

odder means arranged to scm, in respect of eoch transducer, the iwpcctivc 
delayed replicas of each input signal to produce an output signal; and 

means to route Ibe output signals to the respective transducers such that tiie 
1 5 channel found waves arc directed towards tlw focus position in respect of that input 
signal. 

69 . An apparatus accccdrug to claim. 68 . whereto said cccitioDer further 
comprises: 

20 calculation means for caUauating the respective delays in respect o f each 

bp ui signal replica by: 

determining the distance between each ourpui transducer and the focus 
position in respect of that input signal; 

deriving respective delay values such that the sound waves from eaoh 
25 transducer for a single channel arrive at said focus position simultaneously. 

70. Ad apparatus according lu claims 68 or 69, wherein said surface* are 
reflective end have a roughness on the scale of the wavelength of sound frequency it 
is desired to difjuscly Tcficct 
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7 J . An apparatus according to toy one of claims 68 to 70. wherein said 
surfaces ire opUcaUy-trBOSparcat. 

72. An appi^us according to ncy cna of claims 63 to 71, wherein a least 
5 one of taitf stnfaces is a wall of a room or other pcnnsneoi structure 

73 . A method of selecting a dirccrion in which to focus sound, said 
method comprising; 

pointing a video camera In the desired direction, using the view finder or other 
10 " screen means to determine if The direction is thai desired: 

calculating a plurality of signal delay* to be applied to a set of replicas of an 
input signal so as to direct sound in the selected direction. 

7<k A method of determining where sound is directed, said method 
comjwisinp; 

smomsttcally adjusting ihc dh.ee ion b which a video camera points in 
accordance with thr. direction in which sound is directed; 

dj scenting firom iho new finder or other screen means which direction tha 
crimen is pointing in. 

75. A method according to elahn 73 or 74, wherein said sound is focussed 
and said camera is arranged to be focussed at the same position a* said sound. 

76. A method according to claim 73 or 73, wherein said sound is focissod 
25 using reference points in the room. 

77. An apparatus Jot setting up or monitoring a soond ricld conrprising: 
cu array of output Transducers; 

a direct able video cemsrHj 
30 mean* controlling raid array of output transducers and said video camera such 



15 



20 



(104) 



-63- 

thal s»id video con»A points in the same dircriiwi as a sound beam frcm said array 
is directed. 

78. An apparaiut eccoidiog to claun 77. wherein said cam era is attached 
to fluid array . 

79. An Apparatus according to claim 77 or 78. vfeercic said sound beam b 
arranged lo be tbeubsed nod said caroexa is arranged to be focusscd al .substantially 
the same point. 



80. An apparatus according to cfafaa. 77 ox 79, wherein said soend beam is 
arranged te be focusscd al a reference point within the camera's field of view. 
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